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ACKNOWLEDGEMENTS /FORWARD

A second seminar to review the status of the Kepone problem and
to exchange technical Information was held at the Tidewater Inn, Easton,
Maryland. This informal two-day meeting was sponsored by the United
States Environmental Protection Agency's Chesapeake Bay Program and the
National Marine Fisheries Service of National Oceanic and Atmospheric
Administration. The intent of a series of this type 1s to provide
technical basis for governmental action on the Kepone contamination
problem.

The first seminar was held at Virginia Institute of Marine Science,
Gloucester Point, Virginia in October 1976.

K. K. Wu and Dawn Barboun served as Program Coordinator and Program
Assistant, respectively. Success of any project is aided lmmeasurably
by support "from the top." Such support was provided enthusiastically
by Jack J. Schramm, Regional Administrator of Region III U.S. EPA and
William Gordon, Reglonal Director of National Marine Fisheries Service.

The ultimate success of this project must be credited to the
tremendous effort and direction given by the Seminar Planning Committee.
The members of this commlttee are:

Martin W. Brossman, Deputy Director
Criteria and Standards
Office of Water and Hazardous Materials
U.S. Environmental Protection Agency

J. Gary Gardner, Regional Toxic Substances Coordinator
(co-president) Office of Toxic Substances
U.S. Environmental Protection Agency,rRegion 111

Dr. Robert L. Lippson, Research Coordinator for Environmental

(co-president) Assessment Branch, National Marine Fisheries
' Service, National Oceanic and Atmospheric

Administration :

"Leonard Mangiaracina, Director
Chesapeake Bay Program
U.S. Envirormental Protection Agency, Region III




Of course, the contributions of the Session chalrmen and speakers
cannot be overestimated. Not only did they present most knowledgeable
and timely papers, but they also reviewed the resulting discussions.

Special thanks are due to Muriel Brubaker of National Marine
Fisheries Services for managing the registration, to Edward Christoffers
and Edward Cohen for arranging the conference's visual aids, and to
Gary Gardner for his editorial comments.

The program coordinator and the program assistant regret that
it is impossible to retype all papers submitted to us within the time
required to publish the proceedings, as it is to identify all of the
numerous colleagues and friends who contributed so much to this symposium.
We view the dissemination of information on this cruclal subject in a
timely manner to Interested public and scientists, as far more important
than the issuance of a "letter-perfect' paper a year later.
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WELCOME. AND. OPENING ‘REMARKS

Dr. Alvin R. Morris
Deputy Regional Administrator
U.S. Environmental Protection Agency, Region III

Good morning. I'm Al Morris, Deputy Regional Administrator of
EPA in Philadelphia. I'd like to welcome you to Kepone Seminar IT.

It seems hard to believe that only a little over two years ago,
that the name Kepone was not known at all except to a relatively few
pecple in the pesticide and agricultural field. Today, unfortunately,
It's very close to being a household word. Of all the things that
huive damaged our citizens and our environment, Kepone is one of the
werst. Yet, were it not for the gross occupational tragedy which took
place at the Life Sciences Product Corporation in Hopewell, we might
still not be aware of the danger that Kepone poses to us.

I think that fact bears closer examination. As with Kepone, toxic
effects with many chemicals have not become known until scme trsgedy
occurs among the workers who manufacture the product. Because those
workers® exposure, even under ideal conditions, is usually higher than
the user of the product and much higher than the public in general.
Worker 1llnesses often become a sign of a problem with a chemical
product.

There could be many such chemicals as dangerous as Kepone but they
still remain‘unknown because we haven't detected the problem in their
manufacturing or with their use.

Toxlc chemicals have come to be known as the silent epidemic. An
attack on life and our environment whose effect may be delayed by fif-
teen, twenty, or even forty years, but whose human and economic costs
will eventually become quite unacceptable to us.

The World Health Organization has estimated that sixty to ninety
percent of all cancer is a direct result of environmental factors. The
National Cancer Institute studies reveal a much higher cancer rate in
areas surrounding heavy industrial chemical use and activity. Within
the last two years, the rate of cancer deaths has increased more sharp-
ly than any time since World War II.




Each year we produce approximately thirty thousand different
chemical compounds. And annually, approximately a thousand new ones are
added to that 1list. Over the years evidence about the effects of these
substances has been accumulating. We know that mercury, lead, cadmium,
all can attack the central nervous system. Carbon tetrachloride and
chlorinated phenols can damage the liver, and that ethylene glycol and
cadmium sulfate can produce kidney disegse. We now realize that poly-
vinyl chloride which was introduced over four years ago, can cause can-—
cer. We have only recently discovered that fluorocarbons can weaken the
protective shield of the ozone layer. Asbestos -and chloroform ‘have been
found in our drinking water and there has been a significant 1n01dence
of leukemia in the synthetic rubber industry. . ,

Finally, we come to Kepone. At first it was hoped that Kepone ex-
posure could be found limited to the area immediately around Hopewell.
As the investigations continued, we soon found massive environmental
contamination by Kepone. The chemical was found in bottom sediments !
along seven miles of the James River, found in fish in many parts of *
Chesapeake Bay, and even in the Atlantic Ocean.

Hundreds of men were either put out of work or lost portions of
their income due to fishing restrictions in the contaminated areas.
Even today there remains a partial ban on fishing in the James River.
And T understand that yesterday the ban was extended to portions of the
Chesapeake Bay.

It soon became clear that there was a massive lack of information
about Kepone. However, to close the information gap, EPA established a
Kepone Task Force in August of 1976. The primary function of the Task
FOrce is to coordinate the amassing and dissemination of information on
Kepone with EPA, and between all federal, state and local agencies.
Secondly, to develop and implement a comprehensive action plan to deal
with Kepone contamination.

In October 1976, EPA's Chesapeake Bay Program in cooperation with
the Marine Institute of Virginia, Institute of Marine Sciences, sponsored
the First Kepone Seminar which many of you attended. This was the first
opportunity for all agencies, institutions, and persons engaged in Kepone
activity, to get together and exchange information.

Some of the findings of the first Kepone Seminar were quite dis-
turbing. For example, food chaln studies indicated that non-detectable
levels of Kepone in water could accumulate in fish to detectable levels
within approximately thirty days.

A great deal of monitoring and research activities have been carried
out over the past year in response to the problems raised at the first
seminar. We felt that a second Kepone Seminar would be useful to ex-
change and discuss this new information.




As you know, the EPA and the National Marine Fisheries Service
have cooperated in organizing this Kepone Seminar II. I believe that
the work we are doing on Kepone should have a much more wide-ranging
effect than just discussing Kepone.

Many of the research activities we are undertaking, could be of
value in detecting and solving other toxic problems in the future.
These new substances fall under the New Toxic Substance Control Act.
And they may require studies much as the one we are doing here. EPA
now has authority and responsibility to require the testing of new
chemicals if our agency feels that they may become potentially harmful
to humans or the environment.

. I hope the development of that program will hasten the day when there
will be no more tragic surprises like vinyl chloride, PCB or Kepone.

With those few remarks, let me welcome you to the Seminar again.
And let me express the hope that it is both productive and informative
and that you go away feeling that it was worthwhile. Thank you very much.




William Gordon
Regional Director
National Marine Fisheries Service

Ladies and Gentlemen, I'm most pleased to join you here at the
Tidewater Imn for this Kepone Symposium. On behalf of the National
Marine Fisheries Service, I'm most delighted to welcome you here to
the Eastern shore, home of our Oxford Iaboratory down the road a bit.
I wish also to congratulate the Environmental Protection Agency staff
for working with us to put this Symposium together.

I'm sure you will agree that the program arranged by members of
eht EPA's Region III staff and by Bob, will be of exceptional value
for all of us. Certainly, the Symposium will provide the-latest information
on the status of Kepone problems in the Chesapeake Bay, the impact of
Kepone on the estuarine organisms, and possible remedial measures that
should and must be taken. It is imperative that we have this laftest
information on Kepone, so that proper management decisions can be made
affecting the fisheries protection, the estuarine environment, the ready
market for our seafood products, and the protection of human health so
fhat we can make these decisions in a prudent and timely fashion.

It was equally important that this information be properly dissemi-
nated to the scientists and decision makers concerned with the various
aspects on Kepone have the latest information readily available to them.
It is imperative likewise that the public be aware of this situation.
Society must help to make the decisions regarding our environment.

The purpose of this second Kepone Symposium is to provide pub-
lic forum to exchange the latest thinking and data on Kepone, to provide
an atmosphere for both formal and informal participation.

I'm glad to see that each registrant of this Symposium will be
provided with a copy of the proceedings on the second Symposium in the
very near future. All papers, extraneous comments made by both speakers
and comments from the floor will become part of the permanent record and
incorporated into the proceedings.

I feel that the proceedings will be of significant value to all of
us. I am hopeful, likewise, that the user groups will use it for pub-
lic education. I find that public apathy particularly in fisheries
management, but also in the profection of the envirorment, often is based
on lack of knowledge. And we owe a great responsibility to the public
to make this information available more freely than we have in the past.
I'm going to encourage and challenge all of you to do so.




We certainly have a full two days ahead of us. We have much to
hear and to learn. You are encouraged to participate in the proceedings.
And T look forward to visiting with many of you during the Symposium as
possible. I won't be able to stay for the day because as Bob said, I
have two more states to make in the district before returning this evening.
But I hope to spend all day tomorrow with you and get to know you better.
Thank you very much and welcome and good luck on the Symposium.
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"~ ABSTRACT

Oysters from the James displayed variations in Kepone residue
levels related to water temperature and their spawning cycle. Oyster
depurafion rates were related to temperature. In summer the "biological
half-1ife" of Kepone in oysters was aboﬁt one week, while during the
winter about 40 days were required fér residue levels to decline by 50
per cent. Residues in blue crabs varied as a function of sex, males
having considerably higher residues than females. Fin fish levels from
the James varied greatly, with residue levels being dependent on species
and.length of residence for migratory fishes. Average Kepone residues
in freshwater fish species, which are resident their entire lives, varied
from 0.04 to 2.4 ug/g. Long-term resident estuarine fin fish varied less
than freshwater species, with mean concentrations between 0.6 and 2.7 ug/g.
Short-term resiaent marine fish species, e.g. American shad and menhaden,
exhibited low residues averaging less than 0.1 ug/g, while spot and
croaker, whiéh reside in fhe river for longer periods, had higher residues
averaging 0.81 and’0.75 ug/g respectively.

In the Bay, croaker, spot, trout and flounder all exhibited similar
residue patterns showing lower residue levels at stations further up-Bay

from the Kepone source in the James River.
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Introduction

Kepone, an insecticide whose use in the United States was restricted
to an ingredient of ant and roach baits, was produced by two companies
located in Hopewell, Virginia between 1963 and 1975. Allied Chemicgl
produced about 1.5 million pouﬁds of the chemical on an irregular schedule
between 1966 and 1973. Life Science Products, Inc. made approximately
1.7 million pounds of the insecticide during 16 months of operation in
1974 and 1975. 1In July of 1975 the plant closed because of inadequate
employee protection in the production of the toxic compound.

Effluents from the Life Science plant entered the Hopewell sewage
treatment plant and caused its digesters to fail. Since the effluent from
the sewage treatment plant was discharged to the upper tidal James River
through Baileys Creek (Fig. 1), the U. S. Environmental Protection Agency
conducted a survey during the late summer of 1975 to determine if Kepone
had contaminated the James River ecosystem. Their report (EPA, 1975)
showed the pollutant to be in the air, soil and waters around Hopewell, and
since that time extensive monitoring and research activities have been
conducted by various state and federal agencies.

This manuscript discusses the results obtained during approximately
eighteen months of monitoring Kepone residues in biota from the James River
and lower Chesapeake Bay.

Methods
To follow seasonal trends in Kepone residue levels, 12 oysters were

taken monthly by the Virginia State Health Department and VIMS from each of




the sampling'Stations shown in Figure 2. To determine depuration rates,
oysters were taken from Wreck Shoals in the James River and transplanted

to the York and-Rappahannock rivers during January of 1975. A similar
program was conducted during the early summer when oysters were transplanted
to the York from five statipns_in the James River (Swash Hole, Ballard Marsh,
James River Bridge, Pagan River and Nansemond Ridge).

Fin fish, blue crabs and other inverteb;ates were sampled by‘trawl
over. the entire tidal James at approximatel? 5 mile intervals. 1In the
Chesapeake Bay fin fish collections were made from existing commefcial
pound nets logated‘as shown in Figure 1. Collectidns at these stations
for.fiye-species were made during April, June and September. All collectioné
were either iced or frozen in the field prior to transport to the laboratory
for processing.

Clams and oysters were opened at“the hinge, drained, shucked, composited,
and then blended to obtain a homogeneous mixture. ‘Blue cfaBs were picked raw
and the meats, excluding claw, were combined prior to bleﬁding. Fin fish
tissues were ground in a meat grinder into hamburger consistency. These
samples consisted of either whole fish or fillets (scaled, with skin).

Whole fish samples were utilized for small species (less than 30 grams
of flesh). The small species included: spottail shiner, bay anchovy,
Atlantic silverside, apd hqgchqker.

Following blending‘o¥ grinding, all samples were frozen at -5°C for

24 hours in érder to rupture cells. After thawing, a mixture of anhydrous

®

sodiqm sulfate and Quso G-30 (precipitated silica, Philadelphia Quartz Co.)




was added for desiccation. The proportions of sample to the desiccants
were: 30 g mollusk tissue - 81 g Na, SO, - 9 g Quso; 30 g fish or
crustacean tissue - 54 g Nay SO4 - 6 g Quso. The samples were then
mixed and refrozen to insure cell rupture. After thawing, the desiccated
samples were ground with a blender to a powdery consistency and trans-
ferred to pre-extracted paper thimbles for Soxhlet extraction. Extraction
was carried out using 1:1 ethyl ether-petroleum ether.fof 16 hours. Extracts
were then concentrated by evaporation, under vacuum and heat, and cleaned by
activated florisil column chromotography (EPA, 1975). The Kepone containing
elutriate was analyzed by electron capture gas chromotography utilizing
backed columns with one or more of the following liquid phases: 4% SE-30
+ 6% OV 216; 1.5% Oov-17 + 1.95% QF-1 + 3% OV-1. On occasion, when concen-
trations and volume were sufficiently large to provide enough material for
anaiysis, Kepone presence was confirmed b? mass spectrometry.

Residue concentrations are reported as.ug/g (ppm) wet weight.

Results and Discussion

To detect whether differences in residue levels in oysters existed
due to sampling location, a one-way analysis of variance was performed on
data from 8 stations sampled over a period of 13 months. The overall mean

residue level was 0.16 ug/g for this period. Differences between stations

were not detected at the 0.05% level (F = 1.70, 7/95 d.f.). Seasonal
differences in residue levels were tested by comparing the monthly results
from all sampling stations. The F ratio obtained was significant at the

0.01% level (6.48 with 14/101 d.f.). Moving averages were used to construct
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Figure 3 which depicts the seasonal variation of Kepone residues in James
River oysters. Each point in this figure represents the average of the
preceding, present and subsequent months.

.In bodies of water contaminated by Kepone, residue levels decline
during the colder months, when the oysters are relatively inactive. As
feeding increases during the spring, residues increase. A decline in Kepone
level occurs after spawning in the late summer and then residues increase
briefly until the weather. cools when they again decline.

The major value of.the oyster beds in the James River is their
production of seed oysters which are transplanted to growing areas through-
out the entire Chesapeakg Bay. Because of this practice and the importance
of this seafood to the economy, it was essential té know the rate at which
oysters depurated Kepone. ' Consequently, depuration experiments were conductéd.

The results of the depuration experiments are summarized graphically .-
in Figure 4.  The loss rate shown during the winter represents the pooled
data from oysters depurated in both the York and Rappahanmnock rivers. These
oysters originated from the same stock and were held at locations of similar
salinity.

Oysters from five locations. in.the James were depurated in the York
during the summer. The average initial Kepone concentration for these
animals was 0.107 ug/g, with a standard error of 0.0023. After 16 days of
depuration, the average Kepone concentration for these oysters was 0.018 ug/g
" with a standard error of 0.0018.

. As might be'expected,.temperature had a dramatic effect upon the
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rate at which Kepone was depurated by the oysters. In summer the
"biclogical half-life" of Kepone Qas about one week, while during the
winter about 40 days were required for residue ievels to decline.

Average Kepone fesidues for the major species collected in the
cares River are shown in Table 1. Kepone levels in migratory species,
€.g. croaker, spot, blu2fish, and shad increased as they stayed longer in
tiie estuary; therefore, the residue levels for these species reported in
the table are averaged over -their period of residence. Residue 1eve1§ in
long-term residents, e.g. hogchokers, white perch and catfish, did not
fluctuate seasonzily. Although the data are limited, no trends in residue
levels in the James River could be detected as a function of distance from
the Kepone sour:ze at Hopeweli elther for estuarine species or for the
freshwater residents.

Cernsideratle variation in Xepone residue occurs between species
(Table 1). TFreshwater species, which are resident their entire 1iyes, vary
in average Kepone residues from 0.04 ug/g to 2.4 ug/g. Of the two species

of catfisn in the river, which are of major commercial importance, the

channel catfish, Tctalurus punctatus, and the white catfish, Ictalurus
catus, the former exhibited lower leveis by almost an order of magnitude.
We have investigated the total lipid content of these two species (Bligh
and Dyer, 1959) as a possible explanation for the residue differences
observad and find virtually no difference between the two species in lipid
content. The average lipid content of flesh for white catfish was 9.6 mg/g

(§.D. 2.3) and 10.7 ug/g (S.D. 2.1) for the channel catfish.
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Other possibilities to explain the species differences include either
different ﬁétake mechanisms or possibly the existence of métabolic mechanisms
for Kepone breakdown and/or elimination in channel catfish which white
catfish do not possess. I

Long-term resident estuarine (brackish water) fin fish varied less
than the freshwater species in their Kepone residues, with average levels
between 0.6 and 2.6 ug/g.

Short-term marine fish species, g,g; American shad and menhaden,
exhibited low levels of Kepone averaging less than 0.1 ug/g while spot
and croaker, which usually reside in the river for somewhat longer periods,
had residﬁes averaging 0.81 and 0.75 ug/g respectively.

Blue crab residues averaged 0.19 ug/g for females and 0.81 ug/g for
males. The male crabs spend a greater proportion of their lives in the
river system thanAdoAthe females and this habit probably accounts for the
observed difference in Kepone body burdens.

Residué levels for other chlorinated hydrocarbon pesticides, e.g.
DDT, have been shown to vary as a function of size for a given fish species
(Reinhart and Bergman, 1974). We have tested four species of fish (croaker,
bluefish, hogéhoker and channel catfish) to evaluate whether a similar
relationship exists with Kepone. An example of the type of relationship
found between Kepone and fish size is shown in Figure 5. Hogchokers,
croaker, aﬁd bluefish both exhibited Similar relationships indicating that

Kepone body burdens are not related to the size of the individuals.

The effect of length of residence in the lower James on residue levels
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can be seen in Figure 6, where a:long—term resident, hogchoker, and a
migrant, croaker, are compared. Résidues in croakers increase as their
length of residence increases beginning in January when they first move

into the estuary, and incfeasing linearly throughout the summer. Hogchokers,
on the other hand, being permanent residents of the estuary, appear to be at
equilibrium with Kepone sourcesiin the river system. |

Stations in Chesapeake Bay were sampled for five fin fish species
during April, June and September. Our most complete set of data is for
21 June 1976 sampling period, when at least 10 fish of each species were
obtained. The results of this survey are shown in Figure 7.  Croaker,
spot, trout and flounder all exhibit similar residue patterns showing
declining residues as one moves up-Bay from the Kepone soﬁrce in the James
River.

Bluefish, however, did not exhibit éhis pattern—--their residues were
essentially the same regardless of sampling lgcation. The bluefish, being
highly mobile, may move into the James for a time and theh migrate to other
areas of the Bay mixing with populations which have not sﬁayed in the lower
James River for an extended period of time. As a consequence, the resulting
population sampled at a given station would be comprised of fishes with both
high and low residue levels. Therefore the average residue level does not
reflect dilution of the Kepone source, whether food and/or water, as is
shown for the other species. Support for this theory is bresented in Figure -
8 which shows the distribution of Kepone residues in bluefish taken during

the late June sampling. As can be seen in the figure, a biomodal distribution
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pattern exists, supporting our conclusions that those individuals with
high residues spent more time in the James, where Kepone occurs, than the
somewhat larger group having residues below 0.1 ug/g.

The presence of Kepone residues in aquatic resources of the James
River has limited the harvest of certain spécies and created a situation
which may result in damage to the resources through either acute or chronic
toxic éffects.

Those species in the James River which have body burdens of the
pes;icide over the established "action levels'" may not be harvested. Action
levels are establisﬁed b} the Fbod and Drug Administration when food products
are inadvertently contaminated with harmful materials.. Since people consume
different quantities of various foods, different action levels for different
foods are established. The higher action level is assigned to those foods
which are eaten in smaller éuantities. Present action levels for fisheries
products for Kepone are: 0.3 ug/g for fin fish, 0.3 ug/g for oysters and
clams and 0.4 ug/g for crabs.

The factors which determine whether a particular species will con-
centrate Kepone to above the "actiqn level" are not well known. However,
we do know that the crustaceans, fishes and shellfish closer to the source,
i.e. in the James River have mu§h4higher regidues than those found outside
the James.

All commercial fin fish in the James River, with the exception of
catfish, shad and herring, exceed the action level of 0.3 ug/g. Male

blue crabs in the.James generally have levels in excess of 0.4 ug/g, while
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females caught at the same location have lower residues.

At present we do not have any direct evidence that toxic effects due
to Kepone exposure are occurring in the biota of the James River. However,
laboratory studies to determine the potential impact of Kepone contamination
on some estuarine organisms have been conducted. Hansen, et al. (1977) have
shown that the growth of mysid shrimp and sheepshead minnows was reduced by
exposure to 0.07 ug/l and 0.08 ug/l respectively. Blue crab mortality
was observed by Schimmel and Bahner (1977) during a 28 day feeding experi-
ment when the animals were fed food contaminated with Kepone at levels of
0.15 and 1.9 ug/g. Dupuy (1976) found setting success of larvae produced by
Kepone-contaminated oysters taken from the James and spawned in the laboratory
to be equal to control groups. Additional studies are in progress to further
assess the potential effects of Kepone on other estuarine and freshwater
organisms.

The results of two of these studies indicate that effects on popu-
lations of some species may be occurring in the James River. The strong
probability that blue crab mortalities are related to ingestion of Kepone is
indicated by the fact Fhat Kepone residues in most James River fish, a
primary food of the crab, are equal to or exceed those which produced
mortality in the laboratory. In addition, Kepone resiaues in James River
fish are frequently higher than those reached by laboratory fish populations
which were deleteriously affected by Kepone exposures (Hansen, et al., 1977).

The rapid accumulation of Kepone by fishes such as spot and croakers
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7 during their spring migrations has demonstrated the continuing availability

of Kepone in the system. Although we cannot project future conditions

on the basis of scarcely more than a year's déta, there is no indication"

of a significant decline of residue levels in James River animals. Further-
more Kepone is a long-lived chemical species. We must conclude, therefore,

that unless the reservoir of Kepone available in the system is somehow

reduced, present conditions will continue for many years.
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Table 1

JAMES RIVER - KEPONE RESIDUES (ug/g)

Longterm Residents X N Std. Error of X
Spottail shiner (Notropis hudsonius) 0.08 6 0.02
Channel catfish (Ictalurus punctatus) 0.04 45 0.004
White catfish (Ictalurus catus) 0.25 14 0.03
American eel (Anguilla rostrata) 0.64 15 0.55
Black crappie (Promoxis nigromaculatus) 1.0 10 0.13
Largemouth bass (Micropterus salmoides) 2.4 14 0.54
White perch (Roccus americanus) 2.7 20 0.39
Bay anchovy (Anchoa mitchilli) 0.65 13 0.15
Atlantic silverside (Menidia menidia) 1.6 15 0.43
Hogchoker (Trinectes maculatus) 0.94 22 0.13
Grass shrimp (Palaemonetes pugio) 0.60 8 0.15
Sand shrimp (Crangon septemspinosa) 2.0 3 0.09
Xanthid crabs 0.27 3 0.03
Blue crab (Callinectes sapidus) female 0.19 180 0.02
Blue crab (Callinectes sapidus) male 0.81 43 0.07
Oyster (Crassostrea virginica) 0.16 1401 0.01
Hard clam (Mercenaria mercenaria) 0.09 121 0.009
Short-term Residents

American shad (Alosa sapidissima) 0.03 50 0.004
Atlantic menhaden (Brevoortia tyrannus) 0.05 8 0.02
Spot (Leiostomus xanthurus) 0.81 40 0.13
Croaker (Micropogon undulatus) 0.75 60 0.16
Bluefish (Pomatomus saltatrix) 0.29 30 0.20

1Blends of 12 individuals
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Fig. 1

Fig. 2

Fig. 3

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Figure Legends

Location of Chesapeake Bay sampling stations and Kepone
discharge into Baileys Bay.

Oyster sampling stations in the lower James River.

Seasonal trends in James River oyster residues.

Oyster depuration rates.

Length vs. Kepone residues for channel catfish from the

James River.

Seasonal residue patterns in James River croakers and hogchokers.
Kepone residue patterns in Chesapeake Bay fishes, 21 June 1976.
Frequency distribution of Kepone residues in Chesapeake Bay

bluefish, 21 June 1976.
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"Current Status of Kepone Problem in Maryland"
Donald H. Noren
Chairman, Maryland Kepone Task Force
and

Director, Maryland Environmental Health Administration

Ladies and gentlemen, good morning. I am pleased to be here and to
share with you the current status of the kepone problem in Maryland.

When it became apparent to us in Maryland in February of last year
that there was a potential problem in the Baltimore area as a result of
kepone stored at the Allied Chemical Plant there, even though the operation
was mainly a blending process of kepone that was manufactured at Hopeweli,
V?rginia, Maryland's Health and Mental Hygiene Secretary, Dr, Neil Solomon,
formed a-Task Force made up of members of various State and Federal agencies
which might have some input into defining the extent of any probiem that might
be existing in Maryland. The Task Force narrowed its concentration to three
main areas of concern:

The first was the Allied Plant itself, and the fact that it was right in
the way of Interstate 95, which was about to go through the property. The Plant
would have to be demolished and most of it decontaminated. " The second concern
dealtlwith any health effects from kepone exposure to Allied employees or
people living in the vicinity of the plant. The third was the Chesapeake Bay
and the marine life it supports.,

I would like to bring you up to date on what has transpired as far as
the Maryland situation is concerned, because you probably haven't heard too

much about it. Let us begin with the Human Health Effects Subcommittee
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activities. There were abproximately 25 to 35 Allied employees in the

kepone operation in Maryland. Blood levels were run on the employees both

in September 1975 as well as in February 1976. Although none of the employees
showed any of the symptoms which the employees in Virginia allegedly evin;ed;
serum kepone levels that were found in Maryland employees were lower than any
of those of the Virginia non-cases, that is, those not showing the dramatic
symptoms of complainants at Hopewell. The mean level was approximately 500 ppb
the fi;st time and approximately 230 ppb the second time samples were analyzed.

Also, the Sﬁbcommittee was concerned about a number of residents in the
area around the Allied Plant in Baltimore. The Health Department sent out a
van in which to screen the individuals by physical examination as well as to
draw blood. At the same time, it set up a control group in another part of the
city in case additional data were necessary. About 50 percent of the residents
appeared for examination; blood was drawn, but no detectable levels of kepone
were found in any of these people.

Moresver, there is a playing field of approximately 10 to 1l acres adjacent
to the Allied Plant where small amounts of kepone were found in the soil, The
park was closed by Order and some of the people who frequented it often, such
as coaches and park attendants, were also sampled with no detectable kepone
being found in their blood. Also, since the park was closed by Order, one of
the priorities of the Task Force was to try to get it reopened. Levels of
kepone found in the soil were between two and ten ppm, Ten ppm were found in
one or two hot spots. After surveying the park, the portion of land along the
Allied property fence was stripped and resodded at Allied's expense, and the
park reopened. Additiomally, air samples in the vicinity of the plant proved

to be negative.
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And so the Human.HeaIth Effects Subcommittee, while still in existence,
has exhausted its immediate responsibility.

The Marine Life Subcommittee was primarily concerned with marine life
in Maryland's portion of the Chesapeake Bay estuary, marine life which,
because of migratory patterns, might contain kepone ingested in the James-
River and continuous waters.

The first thing we considered was the prime seed oyster area. A large
number of seed oysters which go into private bars in Maryland come from the
James River or other Virginia bodies of water. We found that there were
approximately 30 to 35 private bars that received shipments of seed oysters
from the James River in late 1975 and early 1976. We went to everyone of
these private bars, most of which are located arouﬁd the Annapolis area, in
the Severn, West and South rivers, and we sampled everyone of them. Varying
degrees of kepone levels were found in the seeé oysters, some very low, others
non-detectable, but only one was found to be above the FDA action level of
0.3 ppm. That bar was closed off for at least a year, at which time we were
to go back and take another look at it. It was sampled again about three
weeks later; the level was slightly lower, but again, keep in mind that this
was winter time and the depuration rate was slow. I might add that the one
lot which showed the highest level was one of the last received from the
James River, some time around December or January. We are now awaiting results
of samples taken a few days ago from this bar. We further insisted that all
seed oysters brought from Virginia waters be certified by Virginia as meeting
FDA action levels. At the same time, we also randomly sampled from other
naﬁural bars around our portion of the Bay and all samples were below or at

the limits of detectionm.
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The next thing we began to look at was crabs. We began sampling the
main crabbing areas, again keeping in mind that this was winter time and
the crabs weren't moving. Everyone of the crab samples was dug out of the
sand, so weAhad a fairly good indication of location. We started first at
the Maryland-Virginia line, Tangier Sound, up the Big and Little Annamessex,
up the Nanticoke, the Choptank,. Eastern Bay and into the Chester River. We
then crossed over to the Patapsco dowﬁ to the Severn, Patuxent and then the
Potomac. The levels that were found in crabs were routinely running below
0.1 ppm, keeping in mind the action level of crabs had been established at
0.4 ppm. None of the samples came near the action level, but the highest
levels we did find were in the Baltimore Harbor where the Allied Plant is
located. We might find some significance in that, because the third area of
concern the Task Force has been dealing with is the plant itself and disposal
of waste materials there.

As far as finfish are concerned, we could not sample in February, March
or April because the migrations don't begin in Maryland waters usually until
May. It was in July; especially, that our finfish monitoring program really
went into high gear. The levels of kepone in bluefish that we found then and

what we are finding now haven't changed very much., Most of them are running

"in the .03 to .06 ppm range and these are both on composite as well as

individual fish samples.

While we concentrated mostly on bluefish, because they are good indicators,
other species, especially rock, are important commercially in Maryland. The
levels in rock were not very much different than the levels found in bluefish.,

Again; slightly lower, but not significantly lower, .02 to .03 pp.
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The monitoring program for marine life continues, and the levels, which
have been running at approximately .02 ppm or less.

The third area of concern faced by the Task Force was given to a
Disposal Subcommittee, and it is this.committee which is still wrestling
with the Force's most difficult problem. This involves the ultimate disposal
of approximately 934 55-gallon steel drums containing pure kepone, technical
grade kepone as well as drums of waste and sludge. The problem is compounded
because Interstate 95 will go right through the plant site.

In addition, there is an area which had been used as a dump for 70 or
more years. It contains anything from rubble debris to clean-out waste and
equipment sludge. We found from core samples everything that Allied ever
manufactured =-- pesticides, heavy metals and other chemicals. Ground water
and ecological studies seem to reveal no appreciable movement of ground water
in the area, but because a considerable amount of pile-driving and footings
will be required for I-95, a temporary cover-seal was placed over the whole
dump area to assure that no run-off would take place. A permanent seal will
be placed over the aréa after the highway is completed.

Because of the intrusion of 1-95, Allied sold the property to Baltimore
City, and has vacated the premises., Before they were permitted to surrender
the property, however, the Subcommittee directed Allied, under Subcommittee
supervision, to dismantle and decontaminate all machinery and buildings used
in the formulation of kepone. It was even necessary to withdraw certain items
of machinery from public sale because it appeared there was a remaining
contamination problem with some items. Some of the non-saleable metal equipment

was incinerated at Bethlehem Steel's Baltimore works.
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The remaining problem is now disposal of the drums of kepone and
wastes, They had been kept in a quonset hut on the premises, and the
vulnerability of the building to vandalism or industrial accident caused
no little worry to Task Force members,

Because ultimate disposal and even interim storage pose problems
which require some time to solve, the Subcommittee directed Allied to
increase security around the quonset hut by erecting 8 feet of chain link
fence around the structure, surmounted by 6 feet of barbed wire, by installing
an electronic alarm system on all windows and doors, by providing bright
night-time lighting and a 24-hour guard.

While incineration of the pure kepone and technical grade material
appears to be a viable future ultimate disposal, these only amount to a
couple of hundred drums out of the total 934. The remaining material would
be difficult to incinerate because there is arsenic present in the stored
wastes.,

We are now in the process of considering alternative interim storage
sites so that all of this material may be removed as I-95 progresses. Some
of these alternatives include storage at the Department of the Army's Aberdeen
Proving Ground, or storage at other Allied Chemical facilities.

While an environmental assessment of storage at Aberdeen, commissioned
by>Allied Chemical, has reported no environmental danger would occur if that
site were selected, and the Kepone Task Force has recommended to Secretary
Solomon that the assessment be accepted as technicglly sound, we are awaiting
Allied Chemical's formal application to the Department of the Army for permission

to use the Aberdeen facility for such interim storage. We can only wait and

\
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see what decision will ultimately be reached, but at this time, it would
appear that this is by far the most practical and the safest manner to

isolate this material until final disposal methods are ultimately developed.

Thank you.
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The Current Efforts of Virginia
Agencies to Monitor Kepone in the Environment

i Michael A. Bellanca

William F. Gilley

INTRODUCTION

The EPA Health Effects Research Laboratory released its preliminary
report in December 1975 on environmental Kepone levels found in fish,
water, sediment and shellfish in the James River system. From this indi-
cation of the extensiveness of Kepone contamination in environment, the
Virginia Kepone Task Force directed the establishment of a comprehensive
Monitoring Program with responsibilities divided between the State Water
Control Board, State Department of Health and the Virginia Institute of
Marine Sciences. The 1976 monitoring effort focused on drinking water,
surface water, groundwater, sediment, non-point source studies, finfish,
shellfish, and crab. Currently, the monitoring program includes finfish,
crab, shellfish, sediment and water at approximately 60 locations in the
James River and Chesapeake Bay.

The primary purpose of the monitoring and surveillance effort was to
verify environmental levels and trends in assessing the magnitude of the
contamination. It was designed to provide a data base from which actions
could evolve for protection of the public health. With the accumulation
of data, the James River remains restricted to taking of finfish and crabs.
The same effort has supported the early finding that Kepone was principal-
ly confined to the River with finfish levels in the Bay continuing well
below the current action level,.

With the containment of Kepone in the Hopewell area, an added purpose
of surveillance is to verify integrity of control or determine losses to
the environment. In developing plans for future actions, the priorities
for clean-up can only be established with such data derived from the
broadly based monitoring effort.

As Dr. Bender has already discussed the levels of Kepone found in the
biota, this discussion of the monitoring program will concentrate on sedi-
ment: and water sampling as well as set forth the finfish and crab sampling
effort of the State Water Control Board and Bureau of Shellfish Sanitation
of the Department of Health.
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SEDIMENT MONITORING

The source and extent of Kepone contamination in the James River and
its tributaries has been traced and is monitored now by sediment sampling.
In the sediment, Kepone may be stored in one of two compartments. It may
exist in solution within the interstitial water of the sediments or may be
absorbed to sediment particles. Moreover, Kepone may become incorporated
into the organic portion of the sediments either in living organisms or in
the remains of dead onmes, or it may be associated with petroleum hydrocar-
bons absorbed to sediment material. The relative abundance of Kepone in
each of these compartments is a function of the following factors: sedi-
ment size and composition, and the depth within the sediments; temperature
and pH (which invluence Kepone solubility, volatility, and sorption-desorption
reactions); and the amount of organic matter present. The transfer of
Kepone from the sediments to the water column could occur through resus-
pension of sediment solids, desorption from sediment solids, and dispersal
of the soluble portion originally contained in the sediment interstitial
water.

While the primary purpose of 1976 Kepone sediment monitoring was to
determine the location and depth of Kepone in river sediments, it was be-
lieved that this knowledge along with an understanding of the mechanisms
of sediment transport below Hopewell, Virginia, would help determine the
mobility of the Kepone reservoir in the James River. 1In addition this
data, when incorporated into sediment concentration map, would be useful
in evaluating the feasibility of proposals to remove or control the
Kepone-contaminated sediments (e.g. estimation of the amount of material
which would have to be dredged and ultimately disposed on land). Moreover,
this data would provide valuable information regarding the potential hazard
of dredging in specific areas (e.g. Kepone uptake by fish and shellfish).

SEDIMENT MONITORING STATIONS

From January to May 1976, Division of Ecological Studies personnel
collected sediment core samples at 51 stations in the James River estuary
and its tributaries (Figure 1). The 51 stations and sediment cores are
briefly described in Table 1. Using a Phleger gravity corer, six cores
were collected at each station. Each was labelled according to station
and substrate characteristics. Core samples were frozen using dry ice and
transported to the laboratory for sectioning. In submitting the sediment
samples, the top half inch was removed from five of six cores and compo-
sited. Below the top half inch, one-inch increments of sediment were re-
moved and similarly prepared. The sixth core sample from each station
was kept for future reference. Sediment samples were submitted to the
Division of Consolidated Laboratory Services (DCLS), Richmond, Virginia
for Kepone analysis.
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TABLE 1. Brief Description of Stations and Sediment Cores.

STATION DESCRIPTION

1 Hopewell STP, swampy area between the effluent and Bailey
Creek. Highly organic mud.

2 Landfill beside Hopewell STP. Organic mud with some sand.

3 The upstream portion of Gravelly Run draining with Pebble
A & N plant. Sandy sediment with some organic mud.

4 Poythriss Creek at confluence of Bailey Bay. Highly
organic mud.

5 Mouth of Bailey Creek. Highly organic mud.

6 Bailey Bay, in front of Continental Can complex. Organic

mud with woody material.

7 Mid-Bailey Bay. Highly organic mud.
8 Bailey Bay area, west of Jordan Point. Highly organic mud.
9 Mid-channel at Benjamin Harrison Bridge. Brown mud.

10 North shore of James River near Harrison Point. Upper
portion of core (0 - 0.5") light silt; (0.5 - 3.5") brown
mud.

11 Mid-channel, off Continental Can complex. Sandy sediment.

12 Mid-channel, off City Point. Brown mud.

13 Spoil area in middle of Bailey Bay. Brown mud.

14 Bailey Bay area, 850 yds. NE of station 13. Dark brown mud.

15 Mid-channel ;t Buzzard Island, mouth of Appomattox River.

16 Appomattox River at Point of Rocks. Sandy sediment.

17 Turkey Island cutoff, in the channel. Gray-brown mud.

18 James at Deepwater Terminal, in the channel. Upper portion of

core (0 - 0.5") light silt and leaves; (0.5 - 3.5") sandy sediment.

19 Middle of Tar Bay. Brown mud.
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TABLE 1. Continued.

STATION DESCRIPTION

20 Tar Bay area, mid-channel at buoys C99 and R100.

21 Windmill Point spoil area. Brown mud..

22 James River at Buoy C85. Dark brown mud.

23 Windmill Point, north shore. Sandy brown mud.

24 James River, channel at Kennon Marsh. Brown mud.

25 Mouth of Chickahominy River at buoy R68. Gray organic mud.

26 Mouth of Chickahominy, north of buoy R68. Brown mud.

27 Mouth of Chickahominy, off Barrets Point. Gray mud.

28 Mouth of Chickahominy, channel at buoy R6A. Gray sandy mud.

29 Chickahominy River, channel at buoy R10. Dark brown mud
with shells.

30 Chickahominy River below Walkers Dam. Black mud.

31 James River, west side of Hog Island. Brown mud.

32 James River, west side of Hog Island. Brown mud.

33. James River, west side of Hog Island. Dark brown mud.,

34 DeepwaterAshoals transect. Dark brown mud.

35 Deepwater shoals transect. Brown mud.

36 . Deepwater>shoals transect. Brown mud.

37. Deepwater shoals transect. Sandy brown mud.

38 Blunt Point transect.through J11. Dark brown mud.

39 Blunt Point transect through J11. Brown mud.

40 Blunt Point transect through J11. Brown-gray mud.

41 Blunt Point transect through J1l. Gray-sandy mud with shells.
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TABLE 1,

Continued.

STATION DESCRIPTION
42 Newport News Transect, BW Hll‘to Pig Point. Brown mud.
43 Newport News Transect, BW Hll to Pig Point. Dark Brown Mud.
44 Newport News Transect, BW H1l to Pig Point. Dark Brown mud.
45 Newport News Transect, BW H1l to Pig Point. Brown-gray sandy
mud.

46 James River, Hampton Roads bridge tunnel. Sandy dark brown
47 James River, Hampton Roads bridge tunnel. g;ii brown mud.
48 Chesapeake Bay, buoy R10. Thimble Shoals channel. Dark bfown
49 Norfolk Harbor reach, midway between buoys R12 and ;;2:

Black mud.
50. Newport News channel, between buoys 7 and 8. Sandy gray mud.
51 Off Newport Néws Shipbuilding and Drydock. Sandy gray mud.
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RESULTS OF SEDIMENT ANALYSIS

The results of Kepone analyses of 235 samples from 51 stations are
presented in Table 2. Kepone values are in parts per million (ppm). An
attempt was made to submit successively deeper samples until non-detected
levels were reached in two adjacent increments for a given station. This
has been achieved for most stationms.

Using the following ranges, Kepone distribution maps (Figures 2, 3,
and 4) were produced representing average levels in the top 3.5 inches of
sediment; greater than 10.0 ppm, very heavy contamination; 1.0 to 9.99 ppm,
heavy contamination; 0.1 to 0.99 ppm, trace contamination; and no Kepone
detected at detection levels of 0.01 to 0.02 ppm. Table 3 represents a
breakdown of stations 1-51 into these ranges.

It appears that only the sediments in Bailey Bay, Bailey Creek below
the Hopewell STP and certain small tributaries to Bailey Creek are heavily
contaminated (Stations 1, 3, 5, and 8). The James River above the Turkey
Island cut-off and the Appomattox River appears to be uncontaminated, at
least in the channels (Stations 15 to 18). Other areas in Bailey Creek,
Bailey Bay and Tar Bay with moderate contamination included stations 2, 4,
6, 7, 13, 19, and 20 (Figure 2). Channel areas within Bailey Bay show
non-detected (Station 9 and 11) to trace levels (Station 12) of Kepone.
These sediments are subject to scouring and periodic dredging, preventing
organic fine-grained material from settling. Stateions off Harrison Point
(Station 10) and Eppes Island (Station 14) showed non-detected to trace
levels, respectively. The non-detected level at Station 10 is somewhat
suspect. Cores collected at this Station on January 13, 1976 were charac~
terized as brown silt and clay. In a separate study conducted on March 23,
1977, twelve cores were collected at four stations in close proximity to
Station 10, and Kepone level of 0.12 ppm was found in a composite sample of
the top six inches. These cores were primarily composed of brown-gray silt
and clay. While,the difference in levels may be due to variations in space
and time, results of the latter study, where more cores were collected over
a larger area, seem to indicate that trace to moderate levels of Kepone pro-
bably occur on this north shore area of the James River.

At stations downstream of Tar Bay past the confluence of the James and
Chickahominy Rivers (Stations 21 to 24, 27, and 28), there appears to be
trace to moderate (Stations 25 and 26) contamination (Figures 3 and 4). At
this confluence the James becomes wider and shallower, and this area may be
an important settling-out region for fine Kepone-laden sediments. Chicka-
hominy River Stations 29 and 30 show that trace levels may have been deposi-
ted upstream as far as Walkers Dam, possibly by aerial dispersion.

Twenty stations (31 to 51) were sampled between the Chickahominy con-

fluence and Hampton Roads. Of these, only Station 32, 34, 35 and 39 had
moderate Kepone levels in the top 3.5 inches. Station 39, in the channel
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TABLE 2. Results of Kepone Analysis of James River Basin Sediment Core Samples Collected in 1976. Kepone values in ppm,
Depth Station Number

Inches Cm 1 2 4 5 6 7 8 9 10 11 12
0.0-0.5 50.0—1.27 26.80 0.28 3.4 0.46 .2 1.8 0.11 5.1 ND* ND#* ND* 0.058
0.5-1.5 1.27-3.81 23,80 0.41 1.1 0.15 .3 0.13 0.22 3.4 ND* ND* ND* ND#*
1.5-2.5 3.87-6.35 f 0.51 0.087 1.86 0.16 .7 0.52 0.23 2.9 ND#
2.5-3.5 16.35-8.89 | 0.11 0.41 0.29 0.15 .0 0.71 0.068 2.1 ND#*
3.5-4.5 8.89~11.43 0.39 .35  0.42 0.034 1.3
4.5-5.5 11.43—13.97; ND* .9 1.18 0.07 1.2
5.5-6.5 13.97—16.5£ ND#* .12 0.36 0.01 0.95 é
6.5-7.5 16.57-19.05 ND* ND*  ND* :
7.5-8.5 19.08-21.59 ND* ND*
2.5-9.5 21.59-24.13
9.5-10.5 | 24.13-26.67 ’
10.5-11.5¢ 26.67-29.21
11.5-12.5} 29.21-31.75
12.5-13.5 | 31.75-34.29]
13.5-14.5] 34.29-36.83§
14.5-15.5 36.83—39.3i

|
ND#* ~ Noné detected atv0.02 ppm level of detection.
ND*%*- None detected at 0.01 ppm level of detection.
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TABLE 2. Continued.

Depth Station Number
Inches Cm 13 14 15 16 17 18 19 20 21 22 23
0.0-0.5 0.0-1.27 ;0.020 0.006 ND#* ND*%  ND*# ND*  0.11 0.099  0.025 0.031 0.017
0.5-1.5 1.27-3.81 50.030 0.002 ND** ND**  ND**  ND* .08 0.13 .22 0.013 0.054
1.5;2.5 -3.87-6.35 ?0.19 0.07 0.26 ND* J11 0.12 ND*
2.5-3.5 6.35-8.89 0.17  0.06 0.86 0.35 03 012 ND*
3.5-4.5 8.89-11.43 %o.oz 0.07 0.02 0.19 .10 0.01
4;5-5.5 11.43-13,9230,10' 0.12 0.16 0.06 .13 0.36 .
5.5-6.5 13,97—i6;51‘0.17 - ND* 0.09 0.02 .08 ND* 0
6.5-7.5 16.57-19;05 ND* ND* ND* 0.03 .12 D '
7.5-8.5 19.03-2;;59 ND* 0.13 .14
8.5-9.5 21.59-24.13

9.5-10.5 24.13-26.67

10.5-11.5 26.67-29.21

11.5-12.5 29.21-31.75

12.5-13.5 31.75-34.29

13.5-14.5 34.29-36.83

14.5-15.5 36.83-39.37

ND* - None detected at 0.02 ppm level of detection.




TABLE 2. Continued.

| Depth.u Station Number

Inches . .. -Cm. .. 25 25 26 27 28 29 30 31 32
0.0-0,5 . 0.0-1.27. | ND* 0.18 0.15 0.18 0.10 ND*  0.022 0.028 0.16
0.5-1.5 - 1.27-3.81 | 0.04 0.49 0.45 0.088 0.090 ND* 0.001 ND** 0,18
r1,5-2:5  :3.87-6:35 | 0.10  0.20  0.30  ND* ND* 0.01  ND**  0.06
2.5-3,5 . 6.35-8.89 0.20 0.13.  ND#* ND* ND**%  ND** 0,10
3.5-4.5 .. 8.89-11.43 0.49 0.08 0.11
4.5-5.5 11.43-13.97 | 0.15 0.19 0.10
5.5-6.5 . 13.97-16.51 10.02  0.12 L 0.11
6.5-7.5 16,57-19.05 . 0.06 0.04 0.12
7;5fg.5 19.08-21.59 | ',0.22 ND*

8.5-9.5  21.59-24.13.

9,5—16.54 24.13-26.67

10.5-11,5 26.67429.21 -

11.5-12.5 29.21-31.75

12.5-13.5 31.75-34.29
13.5-14.5 34.29-36.83

14.5-15.5 36.83-39.37 |

*ND - None detected at 0.02 ppm level of detection.
**ND - None detected at 0.01 ppm level of detection.




TABLE 2. Continued.
Depth Station Number
Inches Cm 36 37 38 39 40 41 43 44 45 46 47 48
0.0-0.5 0.0-1.27 0.057 ND* ND* 0.28 0.071 0.047 0.03 0.032 ND* ND* ND% ND#
0.5-1.5 1.27-3.81 0.17 ND* ND* 0.77 0.060  ND** ND* 0.025 ND* ND* ND* ND*
1.5-2.5 3.87-6.35 ND#* 0.24 °0.02 ND* 0.03 ND*
2.5-3.5 6.35-8.89 0.02 ND* ND#* ND* ND* ND*
3.5-4.5 8.89-11.43 ND*#*  ND*
4.5-5.5 11.43-13.97
5.5-6.5 13.97-16.51 é
6.5-7.5 16.57-19.05 '
7.5-8.5 19.08-21.59
8.5-9.5 21.59-24.13
9.5-10.5 24.13-26.67
10.5-11.5 26.67-29.21
11.5-12.5 29.21-31.75
12.5-13.5 31.75-34.29
13.5-14.5 34,29-36.83
14.5~15.5 36.83-39.37
*ND - None detected at 0.02 ppm level of detectionm.

*%ND- None

detected at

0.01 ppm level of detection.




*ND - None detected at

0.0
**ND- None detected at 0.0

2 ppm level of detection.
1 ppm level of detection.

TABLE 2. Continued.
Depth | Station Number

Inches Cm ! 49 - 50 51
0.0-0.5  0.0-1.27 0.080 ND* ND*
0.5-1.5  1.27-3.81 0.051 ND* ND*
1.5-2.5  3.87-6.35 ND*
2.5-3.5  6.35-8.89 ND*
3.5-4.5  8.89-11.43 |
4.5-5.5 11.43-13.97
5.5-6.5 13.97-16.51 . .
6.5-7.5 16.57-19.05 2
7.5-8.5 19.08-21.59 '
8.5-9.5  21.59-24.13 |
9.5-10.5 24.13-26.67

10.5-11.5 26.67-29.21

11.5-12.5 29.21-31.75

12.5-13.5 31.75-34.29

13.5-14.5 34.29-36.83

14.5-15.5 36.83-39.37




. Table 3. Kepone'Contamination Ranges for Stations 1-51. Mean Kepone Levels for
the Top 3.5 Inches Were Used to Place Each Station Within a Particular

Range.
‘ Kepone Contamination Range *(ppm) ‘
Very heavy Heavy Moderate Trace &on—Dctectcd
Greater 10.0 1.0 to 9.99 0.1 to 0.99 0.02 to 0.09 ND
Station 1 3 2 12 9
5 4 14 10
8 6 21 n
7 22 15
13 23 16
19 24 17
20 27 18
25 28 29
26 30 37
32 3 - 38
34 33 4z
35 36 45
39 40 46
41 47
43 48
a4 50
49 51

- 57 -




1 3/4-1N. MILE

_89_

APPOMA

FIGURE 2

S~—— KEPONE ppm

B oo+
1.0 t09.99

0.1 t00.99

SCALE

0.02 to0 0.09

None Detected

HOPEWELL

STP

s JSEDIMENT KEPONE CONCENTRATIONS
— TOP 3'% INCHES BAILEY BAY AREA




o
K, X
AR
o aTeaserss ete?
RERRLKKRLSS
SR S

T o
£
P

——— “Coten

|

RO
RN

.,

(XD
D05
0. )
n v ST 0.00“.
-, o 0%
oﬂ“ﬂoo 0&0(51\0.
L3

KEPONE ppm

10 10999

B 00210009
D None Detected

01 t00.99

Ll

FIGURE 3
K

HOP

10MILES

SEDIMENT KEPONE CONCENTRATIONS
TOP 3% INCHES, RICHMOND TO CHICKAHOMIiINY RIVER

SCALE

RICHMOND

Q

012345




_09_

KEPONE ppm

1.0 t09.99

7] 0.1 t00.99

DNone Detected

7

/ SCALE

'

% Q\\l (4 :
LAAS Q
B3 0.02 to 0.09 s\/

FIGURE 4

/012345

e

10MILES




of the Blunt Point transect, represents the most distant point downstream
below Hopewell where a moderate level (0.33 ppm) of Kepone has been measured.
Station 32 located in the Goose Hill Channel west of the Hog Island transect
had a Kepone level of 0.13 ppm. Station 34 (mud flat) and 35 (channel) were
in the Deep Water Shoals transect and both had a Kepone level of 0.24 ppm.
The remaining stations contained trace to non-detected levels of Kepone.
Stations 42 to 51 in the Hampton Roads area had trace to non-detected

Kepone levels. This information has had some influence on decisions invol-
ving dredging projects in the region.

Using the results of these Kepone sediment data, a tentative estimate
of the Kepone burden in the River has been approximately 100,000 pounds.
This burden then functions as the supply reservoir for continued uptake by
finfish and other biota.

FUTURE KEPONE SEDIMENT MONITORING

.The proposed Kepone sediment monitoring program for 1977 will include
45 of the 51 previous stations, with only 16 to 18, 37, 50 and 51 being de-
leted. Station-to-Station and comprehensive comparison of 1976 and 1977
data should help in determining if: (1) Kepone levels in the James River
have reached an equilibrium; (2) Kepone levels have decreased across-the-board
indicating that the sum of photo degradation, microbial degradation, bio-
accumulation and loss by River transport (resuspension) exceeds the net
input of Kepone; (3) there appears to be a downstream shift in the Kepone
reservoir. There is the distinct possibility that the flux of Kepone with-
in the sediment is influenced by two or more of these factors.

Several modifications have been made from the 1976 Kepone sediment
sampling procedure. Thirteen new Kepone stations have been established to
determine Kepone levels within areas not previously examined and to allow
refinement of Kepone maps. These new stations (52 to 64) produce a total
of 58 which will be sampled during 1977.

This year, five cores will be collected at each station. Of these,
one will be maintained as a reference core. The other four will be sectioned
and composited at the following increments: 0-3.5 inches, 3.5-6.5 inches,
6.5-12.5 inches and 12.5-18.5 inches. Trends in Kepone levels with depth
will be examined. In addition, portions of the composited cores will be
used for total organic carbon (TOC) and grain size analysis, both of which
will be correlated to Kepone levels within each increment. An effort will
also be made to analyze Kepone levels within water samples from each station
along with a corresponding measurement of suspended particulate matter.

GROUNDWATER

In addition to the estimate of 100,000 pounds of Kepone in the river
system, other quantities were disposed of in the city landfill and other




dump sites, retained in a lined sludge lagoon and barreled. Still fur-
ther quantities were emitted as an air pollutant causing soil contaminant
concentrations in the city around the production plant. To measure poten—
tial groundwater migration, if any, nine test wells were drilled in various
locations around the city with particular emphasis on the Kepone burial
cell at the landfill and around the sludge holding lagoon.

Results of groundwater monitoring have shown no trends since most
samples have been reported as not detected for Kepone. An occasional
result at or above the minimum detectable level of 0.02 ppb have not
been considered to be significant indicators of groundwater contamination
or migration. The Water Control Board will continue 1ts monthly sampling
from monitoring wells. '

FINFISH MONITORING

The Marine Resources Subcommittee of the Virginia Kepone Task Force
was assigned the responsibility to establish and supervise Virginia's
monitoring effort with the Water Control Board responsible for finfish
collections and the Consolidated Lab for analysis. The sampling program
established by the Subcommittee was designed to provide sufficient infor-
mation for short and long-term problem solution. What is the public health
threat? What control actions must be instituted? Can. specific species be
exempted from limitations?

The sampling program developed was aimed at these questions using the
experience of the first year to modify. The locations specified in Table 4
were the selected sample areas using a flexible sample schedule. The sample
size desired for each station was 20 replicate samples per species of
interest though not always achievable. Where a sample area result in Kepone
results above the action level or trending above the action level, a repeat
sampling would be accomplished.

We found it necessary to make seasonal adjustments in both location
and species. As an example, Shad run in the James River generally from
late February to early April. During that period, priority is placed on
both sampling and analysis. This year, the River was opened for taking
Shad and Herring with responsive sample results being developed to make
any further changes in James' River closure emergency rules.

As weather warmed, other migratory species are followed into the James
River and from the James into the Bay. At the same time, confirmatory
samples are taken of James River resident species, such as Bass, to confirm
continued high Kepone levels. '

As a result of this extensive continuing effort, the James River is
open for taking of Catfish, Shad and Herring. Thus far, there have been
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Table &

Kepone Monitofing Stations
for
Finfish Collections

Station Designation Location

A Lower James River between the
James River Bridge and the
Hampton Roads Bridge-Tunnel

B James River in the Burwell Bay
area

C James River at the mouth of the
: Chickahominy River to Hog Island

D James River in Hopewell area from
the Appomattox River to the
Benjamin Harrison Bridge

E James River south of Richmond
* from Buoy 162 to Deepwater
N Terminal
F Chickahominy River from Wilcox

Neck to Walker's Dam

G 4 Lower Chesapeake Bay area from the
Chesapeake Bay Bridge-Tunnel

J Mouth of Rappahannock River

K James River at Richmond below 1l4th
Street Bridge

N Mouth of York River

0 Chesapeake Bay at Buoy 4 east of
Recdville

P Chesapeake Bay eastern shore

Q Chesapcake Bay mouth cast of

Chesapeake Bay Bridge-Tunnel
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Table 5

Areas of Crab Monitoring
Lower James River

Vicinity James River Bridge
Mouth of Nansemond River
Mouth of Elizabeth River
Newport News Bar

Hampton Bar

Willoughby Bay

Hampton Flats
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no restrictions on taking finfish from the Bay as levels have been
consistently below the action level. We envision the necessity for
continuing such a program until Kepone levels in the River are reduced,
eliminated or Kepone becomes not available for bio-uptake.

SHELLFISH AND CRAB MONITORING

On a monthly basis, crab and oyster samples are collected in the
lower James River to verify Kepone levels and the continued assurance
of public protection by current emergency rule restrictions. The Marine
Resources Subcommittee has devoted greater attention to crabs as oyster
concentrations in the James River have remained below the action level
of 0.3 ppm.

In the past, crab sampling on a routine basis has been in the areas
designated in Table 5 which essentially describes that portion of the
James River open for taking of female crabs only. Most of the year, this
is an area of predominantly female crabs having Kepone levels below the
0.4 ppm action level. The Subcommittee expanded the monitoring area
recently during,a migration of male crabs from the tributaries into the
lower James and Bay. Males sampled from this migration were found to
contain concentration as high as 1.85 ppm and 1.40 ppm. Continued sam-
pling extended to areas of winter dredging will be necessary to describe
the extent and degree of hazard resulting from the male migration.

CONCLUSION

Biological and environmental variations have made it essential to
adopt and maintain a flexible, seasonally adjusted monitoring program.
Based upon results of market sampling, the flexible approach has been
successful in achieving the primary objective of protecting the public
health. »
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REMEDIAL MEASURES FOR CAPTURING,
STABILIZING OR REMOVING KEPONE IN
GRAVELLY RUN, BAILEY BAY, AND BAILEY CREEK

BY

ROLAND W. CULPEPPER
'NORFOLK DISTRICT, CORPS OF ENGINEERS
803 FRONT STREET
NORFOLK, VIRGINIA 23510

INTRODUCTION

The Corps of Engineers, Norfolk District, is currently conducting
preliminary engineering studies to provide an evaluation of
alternatives, cost estimates, and limited foundation investigations
for capturing, stabilizing, or removing Kepone from Bailey Bay, Bailey
Creek, and Gravelly Run. The studies are being conducted under an
Interagency Agreement, EPA-IAG-07-01074, with the Environmental
Protection Agency. This agreement requires that in addition to the
evaluation of alternatives, the Corps will also evaluate all potential
dredging technology on the world market and qualitatively assess the
environmental impacts for each alternative. This paper outlines the
alternatives evaluated to date and does not address dredging
technology or environmental impacts. The alternatives have been
broken down for the individual areas under consideration and do not
necessarily present a complete solution to the problem. After each
individual alternative is evaluated, a complete solution will be
formulated by combining alternatives for individual areas. It should
be noted that the Corps was not to evaluate biological or chemical
solutions to the problem which include designing and costing the

required treatment facilities.

- 67 -




DESCRIPTION OF STUDY AREA

Bailey Bay, Bailey Creek, and'Gbavelly Run are located in Hopewell,
Virginia and the county of Prince George. Each area is shown on

exhibit 1 and is briefly discussed in the following paragraphs.

Bailey Bay is a low-lying area located adjacent to the James River.
It is situated between Jordan Point to the east and City Point to the
west. It is about 2.4 miles long, 1/2 mile in width, and encompasses
about 800 acres. Both Bailey Creek and Gravelly Run discharge into
Bailey Bay. The bay for the most part is extremely shallow. At
extreme low tides, almost the entire bay bottom is exposed. A few

small vegetated islands do exist in the northern portion of the bay.

Bailey Creek, which discharges into Bailey Bay, has a drainage area of
about 20 square miles. 'The creek is 3.2 miles in length from the
mouth to Routh 156, about 700'feet wide at the mouth, and about 25
feet wide at -Route 156. Two bridges cross the creek, Route 156 and
Route 10. Of the 20 square mile drainage area, 14 square miles is
above Route 156. Both the east and west bank of Bailey Creek are
highly wooded throughout the study area.

Gravelly Run also drains into Bailey Bay and has a drainage area of
about 1 square mile. The width of the creek varies from about 50 feet
at the mouth to only a small ditch at the Route 10 crossing. The

creek has a number of pipeline crossings.

Alternative 1

The first alternative considered was a dam at the mouth of Gravelly
Run (exhibit 2). The purpose of ﬁhe dam was to store all runoff on
the Gravelly Run watershed up to and including the 100-Year Flood.

The runoff would pass through a treatment facility and be discharged

into the James River. Runoff in excess of the 100-Year Flood would be
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discharged directly into the James River without any treatment. The
required capacity of the treatment facility would vary, depending upon
the selected retention period. For example, if flood waters were
stored for 1-1/2 days, a 50 M.G.D. facility would be needed; whereas,
if the waters were stored for 1/2 day, a 150 M.G.D. plant would be

required.

The dam would be an earth-filled structure with a top width of 5

feet. The side slopes would be 1 on 2 on the upstream side, and 1 on
2.5 on the downstream side. The height of the dam would be about 23
feet, with a top elevation of 18.4, which includes 3 feet of
freeboard. The upstream side of the dam will be protected by riprap
to the top and will be protected to elevation 8.5 feet m.s.l. on the
downstream side. The 8.5 feet m.s.l. is the elevation of the 100-Year
Flood in the James River. A typical section of the dam and spillway
is shown on exhibit 3. The reservoir would have a storage capacity of
443 acre-feet and the plan would require acquisition of about 72 acres

of land.

In addition to the dam, an emergency spillway would be constructed.
The spillway would be designed to accommodate floods up to and
including the Standard Project Flood. The spillway would be paved
with concrete, would be 100 feet in length, and would have a top
elevation of 13.1 feet m.s.l. The cost of this alternative exclusive

of the required treatment facility would be about $1.5 million.

Alternative 2

Alternative 2 would likewise involve the construction of an earthen
dam (exhibit 4). The elevation of the dam would be 13.4 feet m.s.l.,
compared to 18.4 feet m.s.l. for alternative 1. In this alternative,
no spillway would be required because the flow would be permanently

diverted to Bailey Creek and treated in the same manner in which the
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discharge in Bailey Creek would be treated. In this alternative, as
shown, the water would flow to Bailey Creek by gravity. However, if
constructed in combination with a dam on Bailey Creek, a pumping
station would be required. The dive§§;on works consist of two 8 foot
corrugated metal pipes 1,000 feet in iéngth. The cost is estimated to
be $2 million.

Alternative 3

Alternative 3 (exhibit 5) would invblve sealinglﬁhe highly
contaminated area in the Gravelly Run watershed. It would be
accomplished by constructing a-contfoi structure at the mouth of
Gravelly Run, raising the invert of the existing creek to conform to
the control structuré, and filling the contaminated area by truck
haul. 1In this alternative, the low-lying area up to elevation 5 feet
m.s.l., (including the existing channel) would be covered with 3 feet
of fill material. In addition the creek bed would be riprapped to
-prevent erosion. It would require about 145,000 c.y. of fill material

and 14,000 c.y. of riprap protection.

The control structure (exhibit 6) would be constructed by driving
concrete "H" piling and placing concrete panels between the piling.
The piling would have to be about HO'feet in length for stability.

The top elevation of the cohtrol structure would be 8 feet m.s.l. with
the minimum elevation set at mean sea level to allow for some movement
of water during the normal tidal cycle. The cost of this alternative

is about $1.8 million.

Alternative 4

~

Alternative 4 (exhibit 7) is also an alternative to seal the
contaminated area. However this plan calls for relocating the

existing channel into either a paved channel or a closed conduit.
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After preliminary investigations, it was -determined that it was more
economical to construct a paved channel. A closed conduit would be
extremely difficult to construct and support and accommodation of the
small tributaries of Gravelly Run might also be difficult. With
reference to the paved channel, the benefits derived from sealing the
area would be identical to those associated with alternative 3.. Due
to the fact that no additional benefits would be derived and the cost
of a paved channel would be more than the filling alternative,

alternative 4 has been eliminated from further consideration.

Alternative 5

Alternative 5 (exhibit 8) calls for dredging a new channel adjacent to
~ the existing channel, sealing the side slopes of the new channel to
prevent seepage, and covering the contaminated area as discussed in
alternative 3. This alternative, like alternative 4, does not provide
benefits over and above those derived in alternative 3. 1In addition,

" it would exhibit additional costs associated with dredging a new
channel and disposal of the dredged material. It would be constructed
similar to alternative 3 in that the bottom of the new channel would
have to be riprapped to prevent erosion. For the reasons previously
mentioned, this alternative has likewise been eliminated from further

consideration.

Alternative 6

This alternative (exhibit 9) would require dredging all contaminated
material in Gravelly Run and disposing of the material in a pre-
determined disposal area. In this alternative, it was assumed that
dredging must be accomplished up to elevation 5 feet m.s.l. The

depth of dredging would depend on the types of dredging plant
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utilized. It was determined in the Corps evaluation of potential
dredging techniques that the only type of dredge that could be
effective in the area are a drag line or bucket dredge, both of which
remove a minimum of about 3 feet of material during operation.
Dredging to a depth of 3 feet up to elevation 5 feet m.s.l. would
require the removal of about 81,000 c.y. of material, In addition,
about 20 acres of land would have to be cleared before the dredging

operation commenced.

The Corps is presently evaluating a number of disposal areas,
including upland and estuarine sites. The final location will be
determined at a later date. The selected disposal area will require a
treatment facility to treat effluent during the dredging operations.
Preliminary cost estimates for this alternative are not available at

this time.

Alternative 7

.Alternative 7 (exhibit 10) for Bailey Creek is very similar to
alternative 1 for Gravelly Run in that a dam would be constructed at
the mouth of Bailey Creek to store all runoff from the Bailey Creek
watershed for floods up to and including the 100-Year Flood. The
runoff would pass through a treatment facility and be discharged into
the James River. Runoff in excess of the 100-Year Flood would be
discharged directly into the James River without treatment. The
required capacity of the treatment facility would depend upon the
selected retention period. For example, if the flood waters were
stored for 12 days, a 50 M.G.D. Plant would be needed; whereas, if the
flood waters were stored for U4 days, a 150 M.G.D. plant would be

required.
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The dam would be an earth-filled structure with a top width of 15
feet. The side slopes wduld be 1 on 3 on the upstream side and 1 on
2.5 on the downstream side. The height of the dam would be about 23
feet, with a top elevation of 18.4 feet m.s.l., which includes 3 feet
of freeboard. Like the proposed dam on Gravelly Run, the dam on
Bailey Creek would be protected with riprap to the top on the upstream
side-and to elevation 8.5 feet m.s.l. on the downstream side. In
addition, the dam will contain a slurry cutoff in the center to
prevent seepage of the contaminated wéters into the James River. The
resulting reservoir would have a storage capacity of 7,150 acre-feet
and.- the plan would require the acquisition of about 1,060 acres of
land, In addition to the dam, an emergency spillway would be
constructed. The spillway would be designed to accommodate floods up
to and inecluding the Standard Project Flood. The spillway would be
paved with concrete, would be 100 feet in 1length, and would have a
top elevation of 15.9 feet m.s.1l. A typical section of the dam and

spillway is shown in exhibit 11. The cost of this alternative,

" exclusive of the required treatment facility, would be approximately

$14 million.

Alternative 8

Alternative 8 (exhibit 12) for Bailey Creek would require sealing the
highly contaminated area in Bailey Creek similar to that proposed in
alternative 3 for Gravelly Run. It would likewise be accomplished by
constructing a control structure (exhibit 13) at the mouth of Bailey
Creek, raising the invert of the existing creek, and filling the
contaminated area by truck haul. The contaminated area would be
filled up to elevation 5 feet m.s.l. to a depth of 3 feet. In
addition the creek bed would be riprapped to prevent erosion. This
alternative would require about 2.2 million c.y. of fill material and
156,000 c.y. of riprap protection. The cost would be approximately
$20 million.
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Alternative 9

As for Gravelly Run, consideration was given to relocating the
existing channel in Bailey Creek into either a paved channel or a
closed conduit (exhibit 1U4) and covering the contaminated area as
discussed in alternative 8. After preliminary investigations, it was
determined that it was more economical to construct a paved channel.

A closed conduit would be extremely difficult to construct and support
and to accommodation of the small tributaries of Bailey Creek might
also be difficult. With reference to the paved channel, the benefits
derived from sealing the area would be identical to those associated
with alternative 8. Due to the fact that no additional benefits would
be derived and the cost of a paved channel would be more than the
filling alternative, alternative 9 has been eliminated from further

consideration.

Alternative 10

Alternative 10 (exhibit 15) would require dredging a new channel
.adjacent to the existing channel in Bailey Creek, sealing the side
slopes of the new channel to prevent seepage, and covering the
contaminated area as discussed in alternative 8. This alternative,
like alternative 9, does not provide benefits over and above those
derived in alternative 8. 1In addition, it would exhibit additional
costs associated with dredging a new channel and disposal of the
dredged material. It would be constructed similar to alternative 8 in
that the bottom of the new channel would have to be riprapped to
prevent erosion. Alternative 10 has likewise been eliminated from

further consideration.
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Alternative 11

Alternative 11 (exhibit 16) would require dredging all contaminated
material in Bailey Creek and pumping it into a predetermined disposal
area. This alternative would require a treatment facility at the
disposal area to treat all effluent during the dredging operations.
The cost of this alternative will be based on dredging Bailey Creek up
to the elevation of 5 feet m.s.1l. to a depth of at least 3 feet. As
in alternative 6, the type of dredge to be used would be the drag line
or bucket dredge. This alternative would require clearing about 410
acres and excavating about 2.2 million c.y. of material. Preliminary

cost estimates are not available at this time.

Alternative 12

In evaluating alternative 7, it was proposed that the unpolluted
runoff upstream from the city-owned sewage treatment plant be diverted
to an adjacent watershed, thereby reducing the size of the downstream
dam and the associated treatment facility. Alternative 12 (exhibit
17) and 12A deal with the proposed diversion with the only difference
being the method of transferring the runoff from one wateréhed to
another. Alternative 12 would require a dam to be constructed
upstream of Route 156 to divert all floods up to an including the
100-Year Flood to Chappell Creek. The dam would, as in previous
alternatives, be an earth-filled structure with a top width of 10
feet. The side slopes would be 1 on 3 on the upstream side and 1 on
2.5 on the downstream side. The height of the dam would be about 40
feet with a top elevation of 45 feet m.s.l., which includes 3 feet of
freeboard. The resulting reservoir will have a storage capacity of
3,800 acre-feet, and the plan would require the acquisition of about
1,405 acres of land.
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In addition to the dam, an emergency spillway would be constructed.
The spillway would be designed to accommodate floods up to and
including the Standard Project Flood. The spillway would be paved
with concrete, would be 200 feet in length, and would have a top
elevation of 37 feet m.s.l. A typical section of the spillway and dam
is shown on exhibit 18. The diversion facility would consist of a
pumping station with a total capacity of 650 c¢.f.s. and two welded
steel pipes running to Chappell Creek, a distance of about 17,000

feet. The cost of this alternative is approximately $35 million.

Alternative 12A

As previously stated, alternative 124 (exhibit 19) is another
alternative to divert the unpolluted runoff from the upper reaches of
Bailey Creek to an adjacent watershed. The dam structure involved
would be the same as that presented in alternative 12. The diversion
works consist of two welded steel pipes, 10 feet in diameter and about
17,000 feet in length. The pipe line would be laid adjacent to the
existing creek and the unpolluted water from the reservoir would flow
by gravity to the James River. The cost of diversion by gravity would
be about $23 million.

Alternative 13

Alternative 13 (exhibit 20) would require dredging the highly
contaminated material in Bailey Bay and disposing of the material in a
confined disposal area. The disposal area would either be an upland
or estuarine site depending upon the results of ongoing studies. The
results of the Corps investigations of potential dredging techniques_
indicates that the depth of dredging that could be expected in Bailey
Bay is 3 feet. This figure is not based on the depth of Kepone but
due to the depth of water required for the dredging plant. Using a
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dredging depth of 3 feet and assuming that all material with Kepone
concentrations of .3 p.p.m. will be removed, the required excavation
would be about 2.8 million c.y. However, if .1 p.p.m. was used as a
standard, the required excavation would increase 1.5 million c.y.

resulting in the removal of 4.3 million c.y. from Bailey Bay.

Alternative 1U4

.Alternative 14 (exhibit 21) would require constructing a levee from a
point 1 mile east of City Point to Jordan Point, a distance of about
14,250 feet. This would allow for the containment of all runoff from
Bailey Creek and Gravelly Run. The alignment shown takes into account
that the toe of the levee should be at least 1,000 feet from the
existing James River Channel. The levee would contain an emergency

spillway, and the plan would require a treatment facility.

The levee would be constructed with a design elevation of 10 feet
"m.s.l. This would provide protection from flooding from the James
River by the 100-Year Flood tide with 1-1/2 feet of freeboard.
Construction of the levee would consist of spreadihg a sand blanket
over the existing bottom. After the sand has been raised to a
sufficient elevation, the area would then be raised to the required
elevation with an impervious fill material. To prevent seepage, a
3-foot wide slurry cutoff trench would be constructed to a depth of 10
feet below the hydrauliec fill line. In addition, riprap would be
placed on the outside lower slope to prevent erosion. The cost of
this alternative, exclusive of the treatment facility, would be about
$8 million.
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Alternative 15

Alternative 15 (exhibit 22) is one of the original 18 alternatives in
which consideration is given to treating the entire area. The
proposal would require contructing a dam at the mouth of Gravelly Run
and diverting the discharge from Gravelly Run to Bailey Bay similar to
the plans in alternative 2. In addition to the dam, a pumping station
would be required. A dam would also be constructed at the mouth of
Bailey Creek similar to that proposed in alternative 7 except that the
elevation would be increased to 20 feet m.s.1. Bailey Bay would be
dredged and the material deposited behind the dam on Bailey Creek.

the total storage capacity of the two dams would be about 8,700
acre-feet, and the plan would require the acquisition of about 930

acres of land.

In addition to the two dams, a treatment facility would be required.
Like the other alternatives considering dams, the size of the
treatment facility would depend on.the retention period selected. For
example, if a 19-day retention period was selected, a 100 M.G.D. plant
would be required; whereas, if the retention period was 12 days, a 150
M.G.D. plant would be required. The cost of the alternative,
exclusive of dredging and treatment facilities, is in excess of $21

million.

Alternative 16

Alternative 16 (exhibit 23) would require construction of a levee from
a point 1 mile east of City Point to Jordon Point, as in alternative
14. The difference between alternative 16 and 14 is that the area
behind the levee would be used as a disposal area for maintenance

dredging of the James River and possibly could be used for placement
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of other contaminated material adjacent to the study area. The
thought of the conception of this alternative is that the levee height
for the two alternatives (14 & 16) would most likely be different.
However, to prevent flooding of the disposal area by the 100-Year
Flood in the James River, the height of the levee must be the same as
in alternative 14. The cost of this alternative would likewise be

about $8 million.

Alternative 17

Alternative 17 likewise provides a complete solution to the Kepone
problem; whether or not it is practical and feasible will be
determined at a later date. The plan would require construction of a
levee from Jordan Point to the east side of Bailey Creek (exhibit 24)
and use of the confined area as a disposal area for dredging the
remainder of Bailey Bay and all contaminated areas in Bailey Creek and
Gravelly Run. A tfeatment facility would have to be constructed to
treat the effluent from the disposal area until dredging of each area
is complete. The disposal area would then be sealed with an
impervious blanket, covered with topsoil, and planted with grass. The
levee would be constructed in the same manner as the other levees
discussed. However, it would be constructed to about elevation 15

m.s.l. to provide the required storage capacity.

Alternative 18

This alternative (exhibit 25) would require covering the entire
contaminated area with an impervious blanket to a depth which would
allow natural drainage patterns in the area to develop. However,
there are no known methods to fill the area with impervious material
unless the area is diked to control sedimentation downstream. If the

area were diked, this alternative would be similar to alternative 14
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and 16. In addition, if drainage patterns were to develop naturally,
there is no assurance that the new bottom or invert eievations would

be above the location of Kepone in Bailey Bay. There could also be a
problem with erosion and seepage Along_the outer edges of the fill

area. For these reasons, alternative 18 also .has been eliminated from

further consideration.
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ENVIRONMENTAL ASSESSMENT OF ENGINEERING ALTERNATIVES
FOR CAPTURING, STABILIZING, OR REMOVING KEPONE IN
GRAVELLY RUN, BAILEY BAY, AND BAILEY CREEK

By

James D. Haluska
U.S. Army Corps of Engineers
Norfolk, Virginia 23510

INTRODUCTION

Concurrent with the engineering study of methods to control the
continued lééching and runoff of Kepone contaminated water and sediment
from the Hopewell,.Virginia area, the Corps conducted an environmental
assessment of the impact these proposed measures would have on the
Bailey Creek, Bailey, Bay, Gravelly Run, and associated James River
ecosystems. The assessment required the survey scale determination of
the relative quality of the air, water, sediment, and biological sys-
tems of the project area. 1In addition to these surveys, an inventory
of the habitat types present in the proJject area was conducted by the
U.S. Fish and Wildlife Service (FWS) using aerial photography coupled
with ground truth data acquisition. After the Corps and FWS scientists
had acquired sufficient data concerning the environmental background of
the area, an analysis of the environmental impacts of the various

alternatives on the project area was performed.

ENVIRONMENTAL INVENTORY COLLECTION
In addition to field surveys and ground truth collection surveys by
Corps and U.S. Fish and Wildlife Service personnel, literature searches

for data concerning several of the parameters were conducted.

The study area used for this assessment included the drainage areas of

Bailey Bay and Gravelly Run, and the Bailey Bay out to James River

navigation channel.




Hopewell is an old Virginia settlement dating from 1613. Industrial-
ization of the area began in 1913 and has continued. The history of

Hopewell is summarized in the following table.

SUMMARY OF PROJECT AREA HISTORY

Date \ Event .

1613 . Settlement at City Point, called Charles City.

1622 Charles City destroyed by indians. Town rebuilt
as Charles City Point.

1635 Charles Eppes receives grant from King Charles.

1777 Benedict Arnold shells Appomattox Manor.

186465 Grant headquarters at Appomattox Manor.

1913 Dupont De Nemours Dynamite Plant. Hopewell popu-

: lation estimated at 40,000.

1916 ' Hopewell incorporated as a city.

1920 Hopewell population 1320.

1920 Samscott Company locates in Hopewell.

1923 Samscott Company becomes Virginia Cellulose
Company.

1926 Virginia Cellulose becomes Hercules Powder

» Company

1927 Tubize Artificial Silk Company, Hopewell China
Company, Hopewell Trunk and Bag Company

1928 Atmospheric Nitrogen Corporation

1954 National Analine Division of Allied Chemical

fiber operation.

1960 ‘ Allied Chemical expansion. Firestone located
in Hopewell.
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SUMMARY OF PROJECT AREA HISTORY

(Continued)
Date Event
1974 Life Science Products hegan operations.
1975 Life Science Products closed. h

Data describing the population make up of the Hopewell area have also
been collected and estimates of the growth of the area have been made
using Tayloe Murphy Institute projections. The current estimate of thes
area's population is 23,000 people for the city of Hopeﬁell and 18,700
people for Prince George County. A description of the overall social

background of the area has been constructed.

Land-use patterns in the area indicate that much of the project area
which may be impacted b& the alternatives is zoned industrial. The
zoning of the Prince George County pertion of this same area is
residential, but due to steep grades, little development has oceurred

in the county along the Bay and Creek.

‘The historical and archeological resources of the area were also
researched. Three nearby areas are on the National Register of
Historic Places. Five archeological sites are located along the county
shore of Bailey Bay and Bailey Creek according to the Virginia Historie

Landmarks Commission.

Air and Water quality in the project area has suffered somewhat from
the heavy industry on the creek. Three violations of the suspended
particulate (NAAQS) standard were rated in the year ending March 1977.
Interpretation of water quality data -indicates that the lower reach of

Bailey Creek has problems caused by effluents which occur in that




reach. The water quality picture is complicated by the start-up of a
Regional Sewage Treatment Plant near the end of 1977 which presumably
will treat the effluents from the industry sited there. Residual
effects from the polluted creek sediments are expected to last many

years beyond start-up.

The analysis of bottom sediments from the project area was also-
conducted. The only chlorin§ted pesticide found was™Xepone when a

chlorihated pesticide scan and a check for PCB's was done.

The ccncentrations of several heavy metals indicated that the sediments
had been altered by. the adjacent industrialization. This ws also
indicated by high concentrations of COD, TKN, and organic sulfides in

some of the samples.

The habitat typing of the project area employing aerial photography and
intensive ground thruth data collection indicated that the wetlands in
the project area fall into two main catagories. Accéfding to the
preliminary results of this analysis, there are 27.0 hectares (66.5
acres) of cattail-amaranthus marsh in the study area, and 10€ hectares
(263 acres) of type seven wooded swamp in the area. During the field
portion of this study, indications were that several of the energy web
segments that this type of system should support, were absent. If this
is true, this would lend more evidence to the argument that the system

is severely stressed.
IMPACT ASSESSMENT

In the final assessment of the proposed alternatives, an environmental
scenerio will be qualitatively presented. This scenario, as well as,
the other background information will then be used to evalute the

impacts of the eighteen alternatives. - In addition to the impacts cn
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the natural environment, the alternatives will also be evaluated for

their impacts on human activities in the project area.

As of this writing, the environmental impact analysis is not complete

and is not being reported at this time.

As a final section of the environmental analysis, a "no action" or
"without" projection will be made for the project area and the adjacent
James River area. The impact of Kepone contamination on this "extra"
alternative will be added by the Environmental Protection Agency after
the Corps report is submitted as it will for the other eighteen

alternatives.
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POTENTTAL DREDGING TECHNOLOGY
ON THE WORLD MARKET
BY

FRANK T. WOOTTON, JR., P.E.

U.S. ARMY CORPS OF ENGINEERS
NORFOLK, VIRGINIA 23510

INTRODUCTION

The Norfolk District, Corps of Engineers, has been requested by the
Environmental Protection Agency to evaluate all potential dredging
technology on the world market, as well as methods to reduce and
control resuspension of concomitant secondary pollution. In this
evaluation, a review was made of the dredging technology in the United
States, Europe, and Japan, incorporating the mechanical, hydraulic,
and pneumatic dredges. Also, methods were investigated to reduce

resuspension of sediments.

DREDGING TECHNOLOGY IN THE UNITED STATES

Cutterhead Pipeline Dredge. This dredge is a highly developed machine

that is used throughout the world. It is suitable for all but very
hard material. A rotary cutter on the end of a dredge ladder bites
into and scarifies the bottom material. Then a centrifugal pump sucks
water and the suspended material through a pipeline, floated on
pontoons, to a disposal site. The diameter of the pump discharge in
pipeline dredges varies from 6 to 42 inches. The required draft
varies from as little as 2 feet to 12 or 15 feet. The production rate
depends on the material to be dredged and the pumping distance. Some
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of the smaller cutterhead pipeline dredges can dredge 100 cubic yards
per hour in mud and soft clays, whereas the large dredges can dredge
as much as 2,000 cubic yards per hour. The dredge is generally
controlled on stern-mounted spuds and is swung from one side of the
channel to the other by swing gear. By the nature of this device,
considerable agitation and disturbance of the bottom sediments occur.

Suction Pipeline Dredge. This is similar to the previously described

dredge, excluding a cutterhead. This type of machine is used in soft
or free-flowing material and sucks the material and dilution water
from the channel bottom. It then discharges the mixture through a
stern-connected pipeline to a disposal area.

Dustpan Hydraulic Dredge. This is a variation of the suction pipeline

dredge and is especially adapted to remove sandbars and alluvial
deposits such as sand, silt, mud, and loose gravel from the navigation
channels of the Mississippi, Missouri, and Ohio Rivers. Its wide
suction inlet is similar in configuration to a vacuum cleaner.

Power ful, high-pressure water jets located along the length of the
dustpan head are used to scarify the material from the bottom of the
river. It is then picked up by the wide but shallow suction opening,
pumped through the discharge line, and then returned into the water
adjacent to the dredge.

Hopper Hydraulic Dredge. This dredge is equipped with hoppers that

store the hydraulically dredged material until it is carried to a
place of disposal. It is equipped with large centrifugal pumps
similar to those employed by suction dredges. The suction pipes are
hinged on each side of the ship with the intake or drag arm toward the
stern of the vessel. The head is dragged along the bed of the area to
be dredged as the vessel moves forward. The dredged material is
lifted up the suction pipe and stored in the hoppers of the ship. The
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hopper dredge is highly mobile and, unlike the pipeline dredges
previously described, has no attached pipeline. Dredging is at times
continued to the point where the hoppers start to overflow and the
excess water containing fine materials is allowed to flow back into
the water body. Disposal can take place in the ocean by opening the
bottom of the hoppers or the dredge can tie up to a dock and pump
dredged material directly ashore into a disposal area.

Sidecasting Dredge. This dredge is a relatively new development and

one particularly effective where the littoral currents do not retain a
significant amount of dredged material in the navigation channel. The
material is picked up with dilution water by the draghead sliding over
the bottom. It flows through suction piping and a centrifugal pump
before being pumped back into the waterway, through pipes ranging from
70 to 100 feet in length.

Dragline Mechanical Dredge. This dredge resembles an ordinary metal

scoop suspended from a swinging boom on a crane that is mounted either
on a barge or truck. The scoop is lowered into the material to be
excavated and is then placed in such a position as to slice the earth
away as the scoop is drawn towards the crane. When the scoop is
filled, it is lifted and the dredged material is deposited either in a
barge or on the bank. Considerable turbidity is created during the
operation.

Dipper Mechanical Dredge. This dredge includes a single shovel

generally mounted on a floating dredge, caterpillar, or crawling
tractor. The shovel is firmly attached to a long boom and is forced
into the material to be dredged and the material is scooped up. The
shovel is then 1lifted and the dredged material is deposited either in

a barge, truck, or other conveyance or on the bank.
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Grab Bucket Dredge. This dredge consists of a self-filling bucket
suspended from a swinging boom or crane. It is often called a
clamshell dredge when there are two halves to the bucket. Material is
removed by forcing the opposing bucket edges into it while the dredge
or truck on which it is mounted is statioﬁary. The bucket is then

lifted and the dredged material is deposited either in a barge or
other conveyance, or on the bank.

Endless Chain Dredge. This dredge consists of a continuous or endless
chain of buckets pulled around a dredging ladder. Material is removed

by forcing the single cutting edge of successive buckets into the
material. The dredge 1lifts the buckets and deposits the dredged
material in a barge, conveyor belt, or other conveyance.

Mud Cat. This dredge has the capability to operate in about 27 inches
of water. It is small and equipped with a horizontal, auger-type,
cutterhead attached to a hydraulic boom at the front end of the
dredge.' A mud shield surrounds the auger and helps pull the material
to the pump'suction intake and reduce resuspension. It can discharge
approximately 1,500 gallons per minute of slurry with a solids
concentration of 10 to 30 percent. This varies from 45 to 135 cubic
yards of solids per hour. Generally, the Mud Cat dredges more
efficiently during a backward cut than during a forward cut. This is
true from both a solids removal and a sediment resuspension aspect.
During a backward cut, the mud shield is lowered over the auger, and

the bottom sediment is dragged into the auger.

Silt Curtains. Silt curtains, turbidity barriers, or 'diapers'" as

they are sometimes referred to, can be used to surround dredging or
disposal operations as a means of containing or controlling the
dispersion of turbid water created by the operation.
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DREDGING TECHNOLOGY IN CANADA

Canada uses dredges similar to those used in the United States. They
include such hydraulic dredges as the cutterhead and suction pipeline,
as well as hopper dredges.

DREDGING TECHNOLOGY IN EUROPE

Pneuma Dredge. The Pneumatic International S.A. of Italy has

developed a new system operated by compressed air, for dredging sand,
gravel, mud, silt, or clay. It includes three steel cylinders usually
of the same section and height. At the bottom of each cylinder is one
entrance pipe for the mixture; at the top is a pipe for the
introduction and release of compressed air and a second pipe for
removing the mixture. The latter pipe extends almost to the bottom of
the cylinder. In each cylinder there is a valve above the entrance
pipe. Each cylinder is filled with a mixture of water and silf, sand,
mud, etc., by a counter pressure due to the hydrostatic head when the -
pneuma cylinders are immersed in water. As soon as one cylinder is
filled, the inlet valve automatically closes by its own weight. When
a cylinder has been filled, compressed air, supplied by a compressor
through the distributor and air hose, acts as a piston and forces the
mixture to be expelled from the cylinder to the delivery pipes. some
of the advantages of the Pneuma system follow:

a. Continuous and uniform flow.
b. Practically no wear since there are no mechanisms in contact
with the abrasive mixture except for the self-acting spherical rubber

valves.

c. Percentage of solids up to 60 to 80 percent in volume.
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d. Particularly suited for dredging polluted materials since it
does not disturb the bed while dredging and therefore avoids secondary
pollution.

e. Can be readily dismantled for transport over highways.

Pressair Sand-Pump Dredge. A German company has developed dredging
equipment that is operated by compressed air. Through the outer shell

of a double tube, compressed air is forced into the suction pressure
head which is positioned on the bottom of the water. In the suction
pressure head, air is forced through a nozzle pipe into the lower part
of the suction head. The hydrostatic pressure at this point then
becomes less than the pressure of the surrounding water, resulting in
an upward suction which conveys the material to be dredged and the
water to the surface. This dredge is capable of dredging to depths of
262 feet.

IHC Amphidredges. A series of small dredging units have been added to

the range by IHC Holland. They are designed for dredging under wet or
marshy site conditions. They can be transported by truck or trailer.
They include three kinds of dredging techniques--clamshell grab
dredging, backhoe dredging, (operates like a dragline), and cutter
suction dredging.

DREDGING TECHNOLOGY IN JAPAN

In recent years, Japan has achieved rapid economic progress. However,
the environment surrounding the manufacturing enterprises has
deteriorated to a marked extent. Waste water from factories and
industrial wastes have produced sludge that has contaminated the sea.
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Toxic substances present in the sludge have destroyed the environment,
and local fishermen have been obliged to change or abandon their
occupation. Settling of the sludge also hindered the passage of
ships. Thus, the social problem became serious. Accordingly, the
Japanese have undoubtedly concentrated on improving the dredging
technology for avoiding resuspension of sediments more than any other
country in the world.

Clean Up Hydraulic Dredge. The dredge itself looks like a
conventional hydraulic cutterhead except for the clean up head

installed on the ladder. It is equipped with a moveable wing or
shield in front of the equipment so as to overlie the bottom
sediments. It has a moveable shutting plate which intercepts the flow
of outer water, and a mixing device, somewhat like an auger, contained
in the equipment that moves material to the suction pipe.

Anti-Turbidity System for Hopper Dredges. In dredging operations

excess water from the hopper ben is discharged overboard above the
water line. As a result, surrounding waters are made turbid by the
excess water mixed with material, and currents and winds spread the
turbidity over wide areas. The anti-turbidity system consists of
baffles and the overflow is discharged below the water line.

Oozer Pump. It is a pneuma system which can dredge in very shallow
water. Usually two tanks afe used as front attachments, to increase
operating efficiency. Sludge is pumped up continuously as the two
tanks perform the suction and discharge processes alternately. As a
vacuum plus water pressure is created inside the tank, the sludge
pushes up the conical suction valve and flows into the tank. The
vacuum pump is not needed when the operation is carried out at a depth
where water pressure alone provides a sufficient suction force. When
sludge has risen to the level of the upper sensor rod, the sludge
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suction cycle terminates. Atmospheric air is delivered into the

tank. The compressed air is sent in by the compressor. This pressure
in the tank causes sludge to push up the ball valve at the outlet and
to be discharged.

Pressure Releasing Process. Upon completion of the suction and
discharge processes, residual pressure inside the tank is released

into the air. Then the operation is repeated.

Water-Tight Grab Bucket. The bucket is of the closed type, especially

designed for dredging without giving rise to secondary pollution when
it is used for dredging settled sludge. The company has developed a
dredging type bucket for use in shallow sedimented layers. The bucket
for handling soft mud, dredges the sludge without giving rise to
secondary pollution as a result of its design and shape.

REMARKS

This paper covers various dredging equipment utilized throughout the
world. Any dredging activity must not only consider the dredging
equipment involved, but the conveyance as well as the disposal area.
This should be considered as a total and integrated system and not as
separate components. '
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CURRENT DEPOSITION OF KEPONE
RESIDUALS IN THE HOPEWELL, VIRGINIA AREA

by

Steven J. Shupe
Gaynor W. Dawson

Battelle, Pacific Northwest Laboratories
Richland, Washington

BACKGROUND

In April 1977 Battelle, Pacific® Northwest Laboratories initiated a
study with the Environmental Protection Agency to undertake the first
phase of an effort to determine the feasibility of removing kepone from
the James River. One aspect of this research involved a field sampling
program désigned to establish the extent of kepone deposition in and
around the City of Hopewell, Virginia. Emphasis was placed on identi-
fying specific areas of high kepone concentration which could potentially
serve as continuing sources of contamination to the James River system.

This paper presents a summary of the data collected over the past
five months of the sampling program. With additional samples and results
remaining to be analyzed as part of Battelle's overall kepone deposition
investigation, it is premature at this time to discuss concrete conclusions
resulting from this study. Therefore, this paper focuses on presenting
the data collected and not on interpreting these data to any significant
degree. The conclusions and recommendations of this research program will
be incorporated in the report to be submitted to the Environmental Protecticn
Agency by Battelle in November of this year.




Study Area

The exact amount of kepone released into the environment since produc-
tion began in Hopewe]]\in 1966 is not known. It has been estimated, how-
ever, that roughly one hundred thousand pounds of the chemical were released
during the period 1966 to 1975 from the Allied Chemical Corporation semi-works
plant and the Life Sciences Products Company. This total resulted from the
continuous release of kepone-saturated wastewaters, particulate emissions,
and bulk disposal of waste batches of the chemical.

Figure 1 shows the location of the two plants that produced kepone in
Hopewell. The Life Sciences plant began operating following the cessation
of Allied's kepone production in 1974. Also located on this figure are
features relevant to the design of the kepone field sampling program. These
include:

e the City of Hopewell's sewage treatment plant which received the liquid
waste from the Life Sciences operations

e the City's landfill area where waste kepone was dumped as well as
sewage sludge contaminated with the chemical

e the Kepone Lagoon adjacent to the sewage treatment plant which contains
kepone-contaminated sludge

o Bai]ey Creek into which the treated sewage effluent flows, as does much
of the runoff from the landfill

e (Cattail Creek which also receives some of the landfill runoff

e Gravelly Run which received the effluent from Allied's kepone production
facilities '

Also pictured in Figure 1 is Bailey Bay, a subtidal flat of the James
River where high levels of kepone were found in previous testing. It was
suspected that the Bay acts as an intermediate, or perhaps ultimate, sink
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for much of the kepone discharged. Consequently, one of Battelle's first
goals in designing the field sampling program was to establish to what
extent this might be the case. Also, the data resulting from the Bailey
Bay sampling will be used as an aid in designing and evaluating alternate
clean-up proposals. The methodologies used in this task and the resulting
data are presented in the following section.

SAMPLING IN BAILEY BAY AND ITS TRIBUTARIES

The main component of the Bailey Bay sampling program was the collection
of core samples of bottom sediment. In order to establish core sampling
locations, the Bay was divided graphically into a.grid of spaces 1000 ft by
1000 ft (Figure 2). Every other square was selected in a checkerboard
fashion for coring, resulting in a total of 28 core samples in Bailey Bay:

In addition, three cores were collected from the western crescent of Tar Bar
immediately downriver of Jordan Point. Also, cores were taken at approxi-
mately 2000 ft intervals along the aforementioned creeks flowing into the
Bay from Hopewell.

A1l cores were collected in 33-in. long cellulose acetyl butylrate
tubes, 2 1/8-in. in diameter. In conditions where water depth was less
than 1 ft and the bottom was relatively soft, the tubes were penetrated
into the sediment directly, capped on top for suction, and extracted with
the core inside. However, in most cases it was necessary to place the tube
into a coring apparatus for collecting the sample. A stainless steel cutting
head was used on the tip of the corer to facilitate penetration and extenders
were attached to the top of the corer jacket that encased the tubes to allow
for sampling in deeper water.

After the cores were collected they were frozen and shipped to the
laboratory at Battelle in Richland, Washington. Here they were analyzed
to determine the concentration of kepone within the sediment. Initiaily,
cores from seven selected locations (Figure 3) were cut into 1 and 2-inch
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sections and analyzed for kepone in order to detect any vertical distri-
bution patterns that might exist. The resulting data (Table 1) provide
not only an informative picture of kepone distribution, but also a guide
to establishing the standard depth to which the remaining cores should be
cut before individually mixing each of them into a homogenized sample.
The selected standard length of core extends from its upper surface down
to a depth of 12 in. Figure 4 presents the results of kepone detection
analyses ‘of these homogenized core samples.

The homogenized cores show a definite pattern of deposition corre-
sponding to known flow paths for Bailey's Creek water. The predominant
direction of that flow is along the eastern shore and across Jordan Point
with back eddying into western Tar Bay. Under some conditions, a strong
incoming tide will reverse this flow and bring it up the western shore
along City Point. The western shore is also exposed to contributions
from Gravelly Run and Poythress Run.

The vertical core analysis reveals that the more highly contaminated
sediments (Bailey Creek, mouth of Bailey Creek, western shore between
dethress and Gravelly Run outlets, and Jordan Point) are distributed in
a bell-1ike configuration with depth. That is, concentrations increase
from the surface to a depth of 4 to 7 in., and then decrease with further
depth. This probably reflects a relatively uniform deposition rate wherein
less contaminated sediments are now being deposited over the highly con-
taminated sediments from the 1974-1975 period.

The less contaminated cores (Tar, Bay, Bailey Bay Midpoint, and
Gravelly Run) display a different pattern. These cores show decreasing
kepone concentration with depth. This is reflective of Tow deposition
rates. It appears that less active sedimentation caused lower amounts
of contaminated particulates to be deposited in these locations in the
first place, and current low rates have prevented the older deposits
from being completely coveréd by new, uncontaminated particles.
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TABLE 1. Kepone Distribution in Sediment Cores with Depth (ppm)

Depth From ) Midway
Surface Bailey's Creek Bailey's Creek Gravelly Run Poythress and Bailey Bay Tar Bar
_(Inches) Above Bridge Mouth Mouth Gravelly Runs Mid Bay Jordan Pt. Jordan Pt.
[Not Detected]
1 0.81 1.36 <0.34 0.11 0.19 0.95 1.09
2 0.59 1.66 <0.10 0.13 . 0.03 0.86 1.27
3 1.30 2.54 <0.05 <0.08 0.03 0.87 0.42
4 0.78 ~3.88 <0.09 0.15 0.01 0.87 0.03
5 16.46 14.07 <0.09 0.92 0.01 1.25 0.02
6 2.91 40.74 <0.10 0.80 0.03 3.63 <0.01
7 65.14 42.29 <0.06 0.30 <0.01 17.80 <0.01
3 19.17 13.87 <0.06 <0.04 <0.01 0.17 <0.02
9 0.90 4.34 <0.03 <0.01 0.16 <0.01
10 0.45 . 0.86 <0.03 <0.01 0.14 <0.02
11 <0.51
12 <0.42
13 <0.19
14 <0.10
15 <0.14
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The data from the core samples present a good picture of the general
deposition pattern of kepone in Bailey Bay. However, further sampling was
undertaken in order to determine onto what sized sediment particles the
kepone generally adheres. This involved fractioning selected cores into
their silt, sand, and clay components and analyzing for kepone.

The cores selected for this latter task were taken from the mouth of
Bailey Creek (K-28), Bailey Bay Midpoint (N-31) and Jordan Point (0-36).
Table 2 shows the concentration of kepone found in each size fraction of
these cores. The sand fraction represents all particles greater than 74
microns in diameter; silt inc]udes'pqrticles with diameters between 2 and
74 microns; and clay is composed of particles less than 2 microns in
diameter. . The highest concentration of kepone was found in the sand
fraction in all cases. However, sand constitutes only 18 to 25% of the
total bottom sediments in Bailey's Bay. In the three cores taken from
different parts of the Bay, silt was the most predominant comprising 47
to 69% of the total sediment; clay accounted for the remaining 13 to
30% of this total.

In the samples analyzed, there was also a trend of increasing kepone
concentration with loss on ignition. This combined with the particle size
fractionation suggests that in contaminated areas, kepone will be prefer-
entia]]y'fbund on the larger organic particles. |

SAMPLING IN THE CITY OF HOPEWELL

Extensive sampling was also undertaken within the City of Hopeweli in
order to gather clues concerning the extent that atmospheric, hydrologic,
chemical, biological, and human transport meéchanisms have dispersed the
kepone. A variety of samples were collected to determine where significant
deposits of the chemical reside and how such deposits might find their way

)

into the James River system. Samples collected include:

i
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TABLE 2. Delineation of Grain Size and Kepone Content in Bailey Bay Sediments

Jordan Point

Mid Bay

Mouth Bailey Creck

- TET -

Siit
sand
Clay
Silt
Sand
Clay
Silt
Sand
Clay

Fraction of”

48
22
30
47
25
28
69

18
13

Kepane Concentration
__Sample Location — Particle Size Total Sample () ____ ny/y (ppm)

cC O Cc o v o

1.
19.
.61

.37
.65
.47
.08
.25

.03

74
82

Fraction of Total
Kepune_in Sample (%)

N
80




e groundwater from wells and springs

e streamflow and rainfall runoff

e 50ils

e water from the City's sewer lines and sewage treatment plant

Each sample collected was sent back to the Battelle laboratories and ana-

lyzed for kepone. The results of these analyses are presented in the
following sections.

Groundwater

In May of this year samples of groundwater were collected from nine
wells in the Hopewell area. The location of these wells are shown in
Figure 5. Seven of the wells are maintained by the State Water Control
‘Board as monitoring wells and two are privately owned. The results of
the kepone analyses run on these samples showed that most of the water
collected had undetectable amounts of the chemical. However, in a few
samples kepone was present, with the highest level occurring in State
Well #8 used to monitor the Kepone Lagoon.

Groundwater seeps were also discovered flowing from the bank below
the area of the Kepone Lagoon into Bailey Creek. These seeps were sampled;
the result are presented in Table 3. Note that seep E contains significantly
cantly more kepone than any other groundwater sampled. Efforts are currently
being made to establish the source of th%s contamination.

Surface Runoff

Various surface water samples were taken from the streams around
Hopewell. Samples were generally collected downstream of suspected areas
of contamination as well as from upstream sites to serve as control
points. When possible, two samples were taken at each site, one
during a dry period and the other shortly after a significant rainfall.
The kepone concentrations found in these samples are shown in Figure 6.

- 132 -




= LEL =

City Point

i KD D
N2

m)

FIGURE 5.

Eppes Tuland

Bailey Bay

L
¥77I§ii:T\V\JJ\\

Results of Groundwater Analysis May 17-18, 1977 (ug/1-ppb)




- PET -

TABLE 3.

Location

Keponie Concentration
May 28 (uq/1-pph)

A-Puddle in Road

D-Scep Near Creek <0.1 cfs
C-Moist Patch at Base of Hill
D-Seep at Base, 0.1-0.2 cfs
E-Seep in Marsh Area, .5 1/sec

Lagoon

5.

17.
97.

28

.84
.20
.22

40
50

Kepone Concentration
July 8 (ug/1-ppb)

Kepone Levels in the Vicinity of the Disposal Lagoon

Kepone in Centrate
July 8 (j19/1-ppb)

Kepone in Soil
July 8 (p9/g-npm)

0.40
<.,12

18.38

18.43
213

.17, .09 - Dike
high, low

.03

3.88
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Without exception, tributary kepone concentrations rose under run-off condi-
tions. Surface water samples were also taken around the Life Sciences site.
Water flowing into the sewer lines had a measured concentration of 390 ppb,

while overland flow in nearby Nitrogen Park had a 50 ppb kepone level.

Sotl

Soil samples taken from the city also displayed their highest values
around the Life Sciences site (Figure 7). Note, however, that the highest
level detected, 208 ppm, is significantly less than the 20,000 ppm mea-
sured shortly after the plant's closure in 1975. Other levels found in
soil in the Hopewell area generally displayed a decreasing concentration
with increased distance from the Life Sciences site.

Sewage

Samples taken this past summer at Hopewell's sewage treatment plant
have shown that both the influent and effluent of the plant contain detect-
able amounts of kepone, generally at a level of 0.5 ppb. When these con-
centrations are multiplied by the average sewage flowrate of 3 million
gallons per day, it is seen that a significant amount of kepone is asso-
ciated with the City's sewer system. Further samples were taken from
trunk sewer lines, as shown in Figure 8. In addition, samples were col-
lected of slime scraped from the combined sewer line leading from the Life
Sciences site to the sewage treatment plant. Forty-three ppm kepone was
found in the slime nearest to the site, with levels decreasing to 1 ppm
in the slime in the pump stgtion adjacent to the treatment plant.

The data gathered to date have been inconclusive in actually pinpointing
the sources of all the kepone reaching the sewage treatment plant. An inte-
grated investigation involving additional soil, runoff, and sewage samples
is currently underway to address this problem.
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MATHEMATICAL SIMULATION OF TRANSPORT OF KEPONE AND
KEPONE-LADEN SEDIMENTS IN THE JAMES RIVER ESTUARY

by

Yasuo Onishi
Richard M. Ecker

Battelle, Pacific Northwest Laboratories
Richland, Washington

SUMMARY

This paper describes the progress of a mathematical simulation study
concerning kepone migration in the James River Estuary between Bailey Bay
and the river mouth. The simulation is currently underway by applying the
finite element sediment and contaminant transport model, FETRA, to solve
time-dependent, longitudinal and lateral distributions of sediments and
kepone by taking into account sediment-kepone interaction. The FETRA code
solves sediment transport for three sediment types (i.e., cohesive and non-
cohesive sediments, and organic materials). The model also solves kepone
transport for dissolved and particulate (éttached to sediments) kepone.
Particulate kepone is analyzed for those adsorbed by sediment of each sedi-
ment type. The accuracy and convergence of the FETRA code were tested for
simple one- and two-dimensional equations. These test results indicated
excellent agreement between the computer solutions and exact analytical
solutions.
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INTRODUCTION"

Kepone originally released into the James River estuarine system has
been dispersed by turbulent mixing, river inflow and tidal flow. Much of
the kepone has been adsorbed by river sediments (both organic and inorganic
materié]s) which may create a significant pathway to man through the aquatic
biota. Adsorption by the suspended sediments and/or possible desorption
from them are important mechanismé affecting the migration of kepone through
the James River estuarine systém.(]’z) This is seen by the deposition and
resuspension of contaminated sediments in the river.

In this study, the mathematical simulation of kepone migration in the
James River Estuary is being conducted by applying the finite element sedi-
ment and contaminant transport model, FETRA,(3) to the river between Bailey
Bay and the river mough. Model computations are'being initiated to solve
time-dependent, longitudinal and lateral distributions of sediments and
kepone by taking into account sediment-kepone interactions. Sediment trans-
port is being modeled for three sédiment types (i.e., cohesive and noncohe-
sive sediments and organic matter), and simulation of kepone transport is
being initiated for dissolved and particulate kepone (attached to sediments).
Particulate kepone is being analyzed separately for that adsorbed by sediment
in each sediment type.
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MATHEMATICAL MODEL FORMULATION

Longitudinal and lateral distributions of sediments and kepone concen-
trations are being simulated by the FETRA model. The modeling procedure
involves simulating the transport of sediments (organic and inorganic mate-
rials) within the water body. The results will then be input to models of
dissolved and particulate kepone in order to observe the interaction between
sediment and kepone. Finally, changes in river bed conditions will be
recorded, including: 1) river bottom elevation change, 2) ratio of cohesive
sediment, noncohesive sediment and organic material, and 3)1distribution of
kepone in the river bed. 5

This model is also applicable to other constituents, ihcluding nutrients,
other pesticides, heavy metals, and radioactive materials, which may undergo
physical-chemical reactions with the sediments. ‘

Sediment Transport Model

Transport of cohesive sediment (silt and clay), noncohesive sediment
(sand), and organic material (those being transported independently with.sand,
silt and clay) are modeled sebarately since movements of sediments and
absorption capacity vary significantly. The model includes the effects of:

convection and dispersion of materials

fall velocity and cohesiveness

deposition on the river bed

resuspension from the river bed (bed erosion and armoring)

N W N -

tributaries

Sediment mineralogy and water quality effects are implicitly included
through the above mentioned effects 2, 3 and 4.

Governing Equations. The governing equation of sediment transport for the
three dimensional case is:

- 142 -




3+ 3 sy + 2 rves) + 2 foy - .
§ei + 3xlucy) + $vey) + 5z {(w - ws)C5)

Jo (. 8\ .8 (. aCc),d (. aC.
T X <€Xj axJ> * oy <€¥j 8y3> * 3z <€Zj 323> (1)

h

where .
C. = concentration of sediment of jt
unit volume of water)

type (weight of sediment per

= time

= velocity component of longitudinal (x) direction

= velocity component of lateral (y) direction

= velocity component of vertical (z) direction

st = fall velocity of sediment particle of jth type

X,¥,Z = longitudinal, lateral and vertical direction in Cartesian

coordinates, respectively

= < ot
]

exj,eyj,ezj = diffusion coefficients of longitudinal, lateral and vertical
directions for jth sediment type.

Boundary conditions are:

(W - Ws5)C5 - ez Li=0 at z = h (2)
_ oC. _ -
(1-Y) ijCj + €25 359 = SDj - SRj at z =0 (3)
. . g at y = 0 and B (4)
ay
where
B = width of the river
SDj = sediment deposition rate per unit bed surface area for jth sediment type
SRj = sediment erosion rate per unit bed surface area for jth sediment type
y = coefficient, i.e., probability that particle settling to the bed

is deposited.

In this study, y is assumed to be unity, that is,:for the same flow condi-
tion a]]bsuspended matter settling to the river bed will stay on the river
bed without returning to the flow. It is also assumed that the vertical
flow velocity, W, is negligible.
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Let

. =C. +cl
CJ CJ <5 (5)
U=0T+ u" (6)
V=V+y" _ (7)
3¢t et aWg,
J = J = J =0 (8)
X oy ¥4
where
ES,U}V'= depth averaged values of concentration of sediment for
jth type, longitudinal velocity, and lateral velocity,
respectively
cg,u",v" = fluctuations from the depth averaged values of concentration

.th

of sediment of j~ type, longitudinal velocity, and lateral

velocity, respectively.

By substituting the above expressions into Equation (1) and integrating
it over the entire river depth, this equation becomes:

ah a Iy 3 71 ~ " 8h 11 " ah
T {5 ¢ 5@+ B} - e ep) | éﬁ* @) ] &
3(C: + cf)
iva " ah ~ i J J
+ (V + SV 4+ lWe.(Cs + +
( Vllhy} {SJ(J CJllh f25 5z zl}

3 fh -3 [ (G + c5") |
- ullc_ll Z - — V"C'"dZ - {wS' c. + C'"
ax J, J oy J, J j+ed VA
d
(9)

The equation of continuity, the kinetic water surface bouhdary condition
and Equation (2) make the left side of Equation (9) zero. As in the
Boussinesq diffusion coefficient concept, Tet
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h ——r 3C
Jc;ucjdz—(UCj )h-'hDXjéY (10)

and

h
J(;v dz = (v C5 )h = - hDyj — (11)

where ij and Dyj_equal the dispersion coefficients of x and y directions for
jth sediment type. Hence Equations (2), (3), (9), (10), and (11) yield the
following final expression of sediment transport:

=/ Dy. D
aC. . (= %3 an)oC. . (- Dy an) o,
3t * (U " h 3x> 39 * (V " Th 3y> 3y

' N SR:  Spy ‘
= 0 aC + 9 oC J 7Y
X <Kxj 3x > 3y (K.YJ 3y>+ h = h (12)

where

~
x
1

g = o5 " Py
The finite element method was used to solve Equations (4) and (12).

Erosion and Depostition of Noncohesive Sediments (Sand). Erosion and
deposition of noncohesive sediments are affected by the amount of sediment
the flow is capable of carrying. For example, if the amount of sand being
transported is less than the flow can éarry for given hydrodynamic condi-
tions, the river will scour sediment from the stream bed to increase the
sediment transport rate. This occurs until the actual sediment transport
rate becomes equal to the carrying capacity of the flow or until the bed
sediments are all scoured, whichever occurs first. Conversely, the river
depos1ts sand if its actual sediment transport rate is above the flow's
capacity to carry sediment. DuBoys' formu]a(4) is used to estimate the
flow capac1ty, Q » which is then compared with the actual amount of sand,

QSa be1ng transported in a river water. Hence:
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SRy = S (13)

where
A = the river bed surface area.

Erosion and Deposition of Cohesive Sediments (Silt and Clay). Sediment
erosion and deposition rates, SRj and SDj, are also evaluated separately
for each sediment size fraction because erosion and deposition charac-
teristics are significantly different for cohesive and noncohesive
sediments. Since only Partheniades(s) and Krone(G) formulas for erosion
and deposition rates, respectively, are presently available, these
formulas were adopted in this study:

b
SRJ = MJ T - ] (]5)
CRj
2W .C. T
S
Sp; = —p (- b) (16)
J TeD;
J
where
Mj = erodibility coefficient for sediment of jth type fraction
Ty = bed shear stress
Teps = critical shear stress for sediment deposition for jth
) sediment type fraction
th sediment

TeR: = critical shear stress for sediment erosion for j
J .
type fraction.

Values of Mj, TeDs and TeRs must be determined by fieid and/or labora-
tory tests for a particular river regime. These values for the Columbia
River (Washington) and the Clinch River (Tennessee) were reported in recent
mathematical simulation studies concerning sediment and radionuclide trans-
port in these two rivers.(7’8) The availability of bed sediments to be resus-

‘pended was also examined to determine the actual amount of sediment erosion.
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When the fall velocity, wsj, depends on sediment concentration and no
aggregation occurs, the fall ve]pcity may be assumed:(G)

1]

4/3 |
Hs; = KiC, | (17)

where

~
]

an empirical constant depending on the sediment type.

Erosion and Deposition of Organic Materials. Recent Studies(g’]o) revealed

that kepone is not only adsorbed by inorganic suspended sediment (mainly
cohesive sediments) but also adsorbed by organic matter. Unfortunately,
there have not been enough studies on transport characteristics of organic
materials. Since the mechanics of erosion and deposition of organic mat-
ter are somewhat similar to those of cohesive fine sediment, Equations (15)
and (16) are also utilized for this case. The selection of the values of
wsj, Mj, TcDj and rch should reflect the characteristics of these mate-
rials, e.g., density, size, cohesiveness, compatibility, etc.

Dissolbéd Kepone Transport Model

In this study, it is assumed that the association of dissolved kepone
with suspended- sediments (both organic and inorganic matter) is the primary
mechanism of kepone uptake, while direct uptake by bjota accounts for a
small percentage of the depletion. The model includes the effects of:

1. convection and dispersion of keponé within the river

2. adsorption (uptake) of dissolved kepone by sediments (cohesive and non-
cohesive inorganic sediments and organic matter) or desorption from the
sediments into water '
chemical and biological decay of kepone
tributaries. (Kepone contributions from factories, overland runoff
flow, fallout and groundwater to the James River system may be treated
as a part of tributary contributions.)
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Effects of water quality (e.g., pH, water temperature, salinity, etc.)
and sediment characteristics, such as clay minerals, are taken into account
through changes in the distribution (or partition) coefficient, de.

The governing equation of dissolved kepone transport for the three-
dimensiona] case is?

BGW

-, d 3 ]
Tt 5;-(UGW) + 5;'(VGW) + 53'(WGW)

BGW aGw BGW

-3 Wy 4 3 Wy 49 W
T oax (exw X ) * oy (EYw 3y )+ 3z (ezw 39z )
- AGy - §(KdJCJGw - CjGj) (18)

In addition to the previousiy defined symbols:

de = distribution (or partition) coefficient between dissolved kepone

and particulate kepone associated with jth sediment.

Gj = particulate kepone concentration associated with jth

(weight of kepone per unit weight of sediment) .

sediment

G, = dissolved kepone concentration (weight of kepone per unit volume
of water)

€Xw ssywsszw

longitudinal, lateral and vertical diffusion coefficients for
dissolved kepone
A = chemical and biological decay rate of kepone.

Distribution coefficient, de, is defined by:

fss/M fsy _
4 T, < TS | (19)
where _

ij = fraction of kepone sorbed by jth sediment

fy = fraction of kepone left in solution

Mj = weight of jth sediment

Vi = volume of water
fw  Gw
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Hence Equation (19) may be rewritten as:

65 = Kdj Gy (20)

The adsorption of kepone by sediments or desorption from the sediments is
assumed to occur toward an equilibrium condition if the particulate kepone
concentration differs from its equilibrium values as expressed in Equation (20).

The boundary conditions for dissolved kepone transport are

3G,
WGW-EZwF‘:O at z=~h (2])
aGw
é?-= 0 atz=20 (22)
aGw
T Q at z = 0 and B (23)
Let:
Gw = Gw + G\'N (24)
aGII aGll
W _W_
TR 0 (25)
where
G@ = depth averaged value of kepone concentration
G& = fluctuation from the depth averaged value of

kepone concentration

By substituting the above expressions, together with those in Equa-
tions (5) through (8), into Equation (18) and integrating it over the entire
river depth, Equation (18) becomes:
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h
V2 " ah ]
P @) | BT G ) | e G Gt | )
z=h% z=h w9z W wz i h
* ez 5z (G + &) |
z=0
3G, 3G, 3G a6, I
= - W T W W ah ah
h (3 +U 3% T v 3y )+ DXw X ax DYw 3y ay

+h {( + Dy ) __l!}-+ h & ( BG
ax U'EXw 7 Pxw/ 3x 3y { €yw + Dyy) 3y }

- ARG, - h § C; (Kaj Gy - 6;) (26)
where Dx and Dy are dispersion coeff1c1ents of x and y directions
-defined by

h 36,
L u"G" dz = - h Dy =+ (27)
fh 8Gw
V"G "dz = - h Dy —~ (28)
A W Yw 3y

The equation of continuity, the kinetic water surface boundary con-
dition and boundary conditions shown in Equations (21) and (22) then make
the left side of Equation (26) zero. Hence, the final transport equation .
of dissolved kepone is:

EEE + (0 - Efﬂ.&ﬂ).ifﬂ W - Ovu ahy _w i
ot h 9x’ ax h oy ay
aGw 36, _ '
= % (kxw -BX—) (kyw ) - ()\ §. C K J) + ZJ- CJ GJ _ (29)
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where

XW Aw

k. =E +0D
YW Yw Yw

The bound;ry conditions for this equation are those in Equation (23).

Particulate Kepone Transport Model

The transport model of kepone (or other constituents) attached to sedi-
ments are solved separately for those adsorbed by cphesive and noncohesive
sediments, and organic materials (those being transported independently with
the inorganic sediments). This model also includes the effects of:

1. convection and dispersion oflparticulate kepone
2. adsorption (uptake) of dissolved kepone by sediments or desorption
from sediments into water
3. chemical and biological decay of kepone
deposition of particulate kepone on the river bed or resuspension from
the river bed
5. tributaries. (Kepone contributions from factories, overland runoff
flow, fallout and groundwater to the James River system may be treated
as a part of the tributary contributions.)
As in the transport of sediments and dissolved kepone, the three-dimen-
sional transport equation for kepone adsorbed by the jth sediment type (cohe-
sive sediment, noncohesive sediment or organic materials) may be expressed as:

9C.G. . 5C.G.
R I R I d_ 3_ { - } =9 i
at 3X(UCJGJ) i 3Y(VCjGJ) toz wsj)CJGj 3x Exj X
oC.G. aC.G.
9 [ 33}y, . i) . } }
Y (eyj 3y >+ 8z <€zj 3z ) AC;G5 - (€46, de C;G,) (30)
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where the kepone concentration, Gj’ is assumed to be independent of z.(7’8)

A11 symbols in Equation (30) were previously defined. Noting Equations (2),
(3) and (4), boundary conditions for this case become:

3C.G., aC.
B} 6. - ¢ o - ; -_AL} - -
(W= W ) Cj6y - e, 5tb=a, {uug)e; e, lbe0atz=n @)
23 J J J
(1-7) BC.Gj
“Y) W_C6.+e —L1d =gs -6 S atz=0 (32)
S: J J Z. 9z . .“R.
j j J DJ BJ RJ _
3C.G, 3G, aC, 3G, 3G,
—J -1 -l = ¢ 1 = —l = .y =
5y Cjay + Gjay o 3y 0 Hence 5 0 aty=0and B (33)

Equation (34) is derived by i) substituting Equations (5) through (8) into
Equation (30), ii) integrating it over the river depth, iii) then substracting
Equation (9) multiplied by Gj from the resulting equation, and iv) substitut-
ing the boundary conditions, Equations (31) and (32)

2e = D = £
aC . .
993 . {U ) X4 3C, ) X5 BCJ . X3 oh [ | } oG
ot C ax C; & Eh X \Jz = pft X
2e = D = €
. 3C, T : :
+{\7- Y5 J_sz>cJ+yJ_3_h | }BG
Yt Y e )
S Gy S
3G, 3G, R, B. R,
= o _J\ 4+ 2 NN Y e | —J J
ax |™x39x | * oy Gy.ay ) (- AT ])Gf (Kd.Gw 3 (34)
J th J th

Since the two terms containing c" in the above equation are at least one
order of magnitude smaller than the rest of the terms, these two terms may
be deleted. Hence, the final expression becomes:
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2¢ D = 2¢ = D =
aC .  0G. . . .y oG,
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The boundary conditions for this case are those expressed in Equation (33).

Finite Element Method

High-speed digital computers have enabled engineers to employ various
numerical discretization techniques for approximating solutions to complex
mathematical equations. The finite element method is one such technique(]])
and has recently gained popularity for solving both linear and nonlinear
partial differential equations. Because of its increased solution accuracy
and ready accommodation to various boundary geometrics,(7’8’]2’]3’]4) this
method is used for this study. The finite element solution technique with
the Galerkin weighted residual method is used to solve Equations (12), (29)
and (35) with the boundary conditions of Equations (4), (23) and (33).

The flow domain is divided into a series of triangular elements inter-
connected at node points. Six nodes are associated with each triangle,
three at the vertices called corner nodes and three on the mid-sides called
mid-side nodes. A quadratic approximation is made for the sediment and
kepone concentrations within each element. Linear interpolation is used
for the variation of flow depth and velocity within an element. A computer
program is written in FORTRAN IV lagnguage to implement the model for a
CDC 6600 computer. A more detailed description -of the FETRA code programming
is discussed in Onishi et a].(3)
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EVALUATION OF THE FETRA MODEL

The accuracy and convergence of the numerical solutions calculated by
the finite element sediment and contaminant transport model, FETRA, have been
evaluated to confirm the validity of the basic computational scheme of the
mode1: This verification involved solving equations by the FETRA code and
comparing the resulting numerical solutions with known analytical solutions
to the problems.

Unfortunately, the general unsteady two-dimensional convection-diffusion
equation with decay and source (or sink) terms [e.g., Equations (29) and (35)]
does not have known analytical solutions. Therefore, some simplified special
cases were used for the analysis. The following three cases were selected as
test cases.

Case 1

In this case the following one-dimensional steady convection-diffusion
equation with a source term was solved:

2
ic _ dC
Ux = &x 2t e (36)

with the boundary conditions of:

0
(37)
dC _ -
x - 0 at X =L
An analytical solution to this problem is:
Coc X [ex (-2 - expl[- —U-(l-x)]] v BX (38)
0" 2 AN PL™ e, U
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Figure 1 shows computer results and the analytical solution, assuming;

Uu=>5.0, ey = 0.2, 8 = 2.0, C0 =1land £ = 1.0

An excellent agreement between these two solutions was obtained in this
case. .

1.4
—— EXACT SOLUTION
@ NUMERICAL SOLUTION
1.3
(8]
=
o
-
< 1.2 |
[—
=
o
)
(&5 )
1.1
1.0 1 1 i ]
0 0.2 - 0.4 0.6 0.8 1.0

DISTANCE, x

FIGURE 1. Comparison of Numerical Solution with Analytical
Solution to One-Dimensional Steady Convection-
Diffusion Equation with a Source Term

Case 2

In this case, convergence of a time-dependent, one-dimensional solution
to a steady-state solution was tested. The governing equation was:

%9 = e-a—% - aC

with the following boundary conditions:
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c=0 in 0Sx<S at t=0

c=co at x =0 at t>0 (40)
aC _ -

% 0 at X =2 for all t

Assumihg € = 0.2, a = 1.0, Co = 1.0 and 2 = 1.0, solutions are plotted in
Figure 2, together with steady analytical and numerical solutions of the
following equation;
ex% -aC =0 (41)
X

As shown in Figure 2, there is convergence to the steady exact solution
of Equation (41). For runs with time t greater than 4.0, the numerical
solutions coincide with the analytical solution. The steady-state numerical
solution also agrees well with the exact solution.

1.0
——— STEADY EXACT ANALYTICAL SOLUTION
@ STEADY NUMERICAL SOLUTION
——— UNSTEADY NUMERICAL SOLUTION
0.8 F N\ A TIME PLANE t=0.9
!
] t=2.1
‘kﬁ“ O t=4.0
(&)
Z 0.6
(]
P
<
o
b
=z
Ll
S 0.4 |-
3
(&)
0.2 b
0 i ! | I
0 0.2 0.4 0.6 0.8 1.0

DISTANCE, x

FIGURE 2. Convergence of Unsteady-State One-Dimensional
Diffusion Equation to Steady-State Solution
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Case 3

The following two-dimensional equation was solved numerically and com-
puted results were compared with an analytical solution:

2 2
€X§—% + Eya—% =0 (42)
ax dy .
with boundary conditions of:
C=0 at x=o)’
C=0 at  x =2
(43)
=0 at y=40
= ¢ cin(IX -
Cos1n(2) at y = 2
where € = ey =% =1.0 and CO = 10. The analytical solution for this
case is:

C(x,y) = 0.866 sinh(my) sin{(mx) (44)

The computer results and analytical solutions are shown in Figure 3.
Numbers in the figure are values of concentration C. Since the solutions
are symmetric with respect to x = 0.5, computer results are given in .the
region of 0.5 £ x £ 1.0, and analytical solutions are plotted in the region
of 0 £ x < 0.5. Comparison of these results reveals that there is an
excellent agreement between the computed and analytical solutions.

As illustrated in Figures 1, 2, and 3, the agreements of the model
solutions and the exact solutions were excellent. These results confirm
the validity of the basic numerical computation scheme of the transport
model, FETRA.
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SIMULATION OF KEPONE TRANSPORT
IN THE JAMES RIVER ESTUARY

This section describes the present stage of the kepone simulation
study using the FETRA code. Unfortunately, final simulation results are
not available because preparation of input data is not complete at this
time.

Input Data Requirements

Application of the FETRA code to simulate the movement and distribution
of kepone in the 113 km (70 mile) stretch of the James River Estuary requires
the input of certain physical, hydrodynamical and chemical data as initial
conditions and for calibration of the model. These data include: informa-
tion on depth variations of the waterway; tidal stage variations, flow
characteristics; size distribution of suspended and bed sediments; suspended
sediment load; critical shear stresses for cohesive sediment erosion and
deposition and erodibility coefficient; initial distribution of kepone
in the bottom sediments; initial kepone concentrations in the dissolved
and particulate phase; and kepone distribution coefficients between sedi-
ment and water. Of particular concern is the behavior of organic matter
which is believed to contain high levels of kepone.

The input data required for the FETRA code must, in most cases, be
obtained in the field. Most past field data on sediment and kepone trans-
port characteristics collected in the James River have not .been for the
specific purpose of input to the FETRA code and, therefore, lack some
required parameters or are not of sufficient quantity to meet the input data
requirements. The following is the specific requirements of the FETRA code.

a. Channel Geometry - Depth and width daté are required as an initial
input condition. Ffom the initial depth conditions the model accounts for
temporal variations in bottom elevation as a result of deposition and
erosion of bed sediments. |
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b. Hydrodynamics - Water surface elevations and the longitudinal-
lateral flow field are input data for the FETRA code. These data must
reflect the tidal flow regime of the area to be modeled. The required
hydrodynamic data are presently being developed by application of

Leenderstse's unsteady two-dimensional, long-period wave (tidal) propaga-

tion mbde].(]s) Diffusion and dispersion coefficients are also required.

c. Suspended Sediment Load - Suspended sediment data are required as
an initial condition to the FETRA code and for adjustment of the critical
shear stresses for erosion and deposition of cohesive and organic sediments.
Since one of the primary functions of the FETRA code is the simulation of

total suspended and bed-load sediments (both organic and inorganic materials)
transport, it is important that the time-dependent longitudinal and lateral
variations in the suspended sediment load be reflected in the FETRA code.
Figures 4a, 5a and 6a are examples of the longitudinal and lateral distribution
of suspended sediment load at maximum flood, maximum ebb and slack water condi-
tions measured on 25 through 28 June 1977. Size characteristics of suspended
sediments and organic matter for the initial condition are also important

input parameters to allow for variations in settling velocities and settling
characteristics of different types of sediments and organic materials.

d. Bottom Sediment Characteristics - Longitudinal, lateral and vertical
size characteristics of bottom sediments are an important initial input con-
dition for the FETRA code so as to allow for a realistic simulation of ero-
sion of the sediment bed under varying flow conditions. Bed sediment types
must be categorized into cohesive and non-cohesive sediments, and organic

material in order for the FETRA code to realistically simulate erosion and

deposition of bed sediments.

e. Chemical Characteristics - Since the primary objective of the
modeling effort is to simulate the movement and’distribution of kepone,
initial input data to the FETRA code must include the distribution of kepone
in bed sediments, suspended sediments and dissolved kepone. Figures 4b, 5b,

- 160 -




| (@) VALUES ARE LESS THAN INDICATED
DUE TO INSTRUMENT DETECTION LIMITS
180 . ,'|
= : "
ea 160 - 1y
ak h
22 wo H
2% m} NG
E? ,""“::‘)"‘/".; ' !
w e 100 + /’/ \\ \ 1
28 ot L : N
a E z \.‘ b
2 o0} Sl - . s
F Lo
40“;/,}
20,
0
= MAX FLOOD
= 6 . ~——— MAXEBB
== 5 ——-— SLACK
el =]
S E
g2
z3
[-%
w
2
w

DISTANCE FROM MOUTH (kilometers)

FIGURE 4. Longitudinal Variations in Suspended Sediment
and Kepone Attached to Suspended Sediment

KEPONE ATTACHED TO
SUSPENDED SEDIMENT (ppb)

5 MAX FLOOD
=3 .
€ ol ~=—— MAXEBB
=
Z —-== SLACK
=
a
b
Q
d
=3
=
& WEST OF SWANN POINT
2 . (RIVER KILOMETER 70)
1
SOUTH MID -CHANNEL NORTH
BANK BANK

FIGURE 5. Lateral Variations in Suspended Sediment and Kepone
Attached to Suspended Sediment

- 161 -




KEPONE ATTACHED TO
SUSPENDED SEDIMENT (ppb)

——— MAX FLOOD
6 b ———- MAX EBB
: —--— SLACK

e ool

SUSPENDED SEDIMENT (mg/2)
&

BAILEY BAY
{RIVER KILOMETER 117)
[

SOUTH M) D-CHANNEL NORTH
BANK BANK

FIGURE 6. Lateral Variations in Suspended Sediment
and Kepone Attached to Suspended Sediment

and 6b are examples of the type of data required by the FETRA code as an
initial condition for the longitudinal and lateral distribution of kepone
attached to suspended sediment. Figure 7 is an example of kepone in the

bed sediments of Bailey Bay. Furthermore, the particulate kepone (attached

to suspended and bed sediments) must be broken down into that portion attached
to each sediment type, i.e., noncohesive sediment (sand), cohesive sediments
(silt, clay) and organic fractions. Figure 8 is an example of the depth
distribution of kepone at Jordon Point (River Kilometer 114) and Figure 9 is
an example of the depth distribution of kepone by size fraction west of

Swann Point (River Kilometer 70).

Much of the above data, especially that pertaining to chemical charac-
teristics, is lacking or is just now becoming available. The accuracy of

the simulation results depends in large part on the availability of these
input data.
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Model Output

With the data input described above, the FETRA code will simulate the
sediment and kepone movements in the James River Estuary. A summary of the
computer simulation output follows.

Sediment Simulation. Sediment simulation will include:

1. longitudinal and lateral distributions of sediment load (suspended and
bed load) for each sediment type (cohesive and noncohesive sediments,
and organic materials) at any assigned time,

2. longitudinal and lateral variations of noncohesive sediment and organic
matter at an assigned river bed elevation (changes due to sediment
deposition and/or scour) at any assigned time,

3. longitudinal, lateral and vertical distributions of weight fraction
ratio among sediments at any assigned time.
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Kepone Simulation. Kepone simulation.will include:

1. ]ongitudinaT and lateral distributions of dissolved kepone concentration
at a given time,

2. longitudinal and lateral distributions of concentration of kepone
adsorbed by each sediment type at a given time,
3. longitudinal, lateral and vertical distributions of kepone concentra-

tions in the river bed associated with each sediment type at a given
time.
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~ INTRODUCTION

Historically, dredging has been employed as a means of moving large
quantities of sediments which, by their presence, impact the use and effi-
ciency of channels and harbors. More recently, dredging has also been looked
to as a means of physically removing sediments contaminated with persistent
toxicants which resist natural degradation processes. The continued presence
of the Tatter threatens water quality and the viability of associated aquatic
communities. Dredging, however, is not always well suited to the task.
Standard dredging operations have always been plagued by problems of induced
turbidity from resuspended particulate matter. The increased solids-water
contact may also stimulate resolubilization of attached contaminants. In
either case, the potential exists for intensifying short-term hazards as
well as for translocating toxic materials to other potentially uncontaminated
areas. These possibilities suggest caution in whole-sale application of
dredging technology to situations of contamination from in-place toxics.

It is also important to note that dredging alone is not a complete
solution. One must supplement it with an acceptable means of disposing of
the spoils. Traditional practices for creating spoil disposal sites may
simply not be adequate since they do not accomodate the treatment of leachate
which will often carry toxicants back to nearby waterways.

These considerations are of particular concern with respect to kepone
contamination in the James River. Should dredging be selected as the pre-
ferred method for removing kepone from the James, there will be great con-
cern on both accounts: 1) Will dredging activities facilitiate movement
of kepone residuals from current locations downstream to presently
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uncontaminated regions in the River and Chesapeake Bay? and 2) Is it realistic
to assume that the massive quantity of spoils which would result from dredging
can be disposed of and that subsequent leaching will not redistribute the
kepone back to the river system?

As an integral part of the process to answer these questions, it is nec-
essary to evaluate the existence of a1ternative§ to dredging as well as the
consequences of taking no assertive action in the river, thus allowing natural
dissipative and degradative mechanisms to cleanse the river over time. The
work reported herein was focused on evaluating alternatives to dredging
as well as treatment and/or fixation processes complementary to dredging for
application to kepone contaminated sediments in the James River System. The
work has involved laboratory and evaluation studies by a number of different
groups. Three types qf alternatives were studied: 1) those which could be
used to fix dredge spoils for disposal, 2) those which could be employed-to
treat elutriate or spoils slurries, and 3) those which could be applied in
situ as substitutes to dredging. Individual options identified within each
of these categories are discussed below.

DREDGE SPOIL FIXATION

It has Tong been known that the disposal of toxic liquids on sludges
into land disposal sites can lead to groundwater and airborne contamination
due to leaching by natural precipitation and resuspension by wind. Con-
sequently, various materials have been identified as stabilization or fix-
ation agents capable of solidifying these wastes ahd in so doing, minimizing
subsequent movement of coﬁtaminants. Candidate materials include asphalt,
tar polyolefins, epoxy resins, silicates, and elemental sulfur. The desire-
ability of any one fixation agent is based on the characteristics of the con-
taminant to be bound as well as the conditions of disposal which may lead to
a breakdown of the structure of the fixed mass.

In the past, fixation processes hare largely been applied to wastes con-
taining inorganic contaminants such as heavy meta]s.(1) In this context,
the silicates have been relatively successful. For instance, cadmium from
electroplating sludge leached at much slower rates when fixed than it did
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(2) Success has also been reported using a polybutadiene
binder resin and a polyethylene encapsulating agent on toxicants such as

from raw sludge.

copper, chromium, zinc, nickel, cadmium, mercury and monosodium methane-
arsenate.(3) Little, however, has been done to measure the effectiveness
of these agents to retard the leaching of persistent organic contaminants.
Therefore, it was necessary to conduct a series. of laboratory studies to
evaluate the effectiveness of fixation agents on reducing leachate kepone
concentrations from contaminated sediments.

Procedures

Each fixation agent being evaluated has been subjected to two types of
standardized tests: 1) a short term elutriate test, and 2) a longer term
leach test. The results of these will then be employed to assess the over-
all effectiveness of a particular set of fixation agents. High levels

resulting from the elutriate assessment reflects potential to cause immediate

impact. Contamination of leachate carries longer term implications. A1l
fixation work was performed on a "standard" sediment prepared through homo-
genization of a large sample of Bailey Bay sediments. The kepone concen-
tration in these samples has been measured at 1 ppm (ug/g).

The standard elutriate test employed for these studies was modeled
after a procedure described by Keeley and Eng]er(4) from work at the U.S.
Army Engineer Wasteways Experiment Station. Specific changes include an
increase in the water to sediment volumetric ration from 1:4 to 1:19 as

(5)

made to accomodate lower total contaminate levels in the elutriate as a

recommended by Lee, et al. This reduction to a five percent slurry is

result of reduced solubilities characteristic of chlorinated hydrocarbons.

(6)

The elutriate pH was also modified. Based on work by Esmen and Fergus,

distilled water with an adjusted pH of 4.5 was employed to simulate rainfall.

This simulates the most common conditions expected in industrialized areas.

1.
2.

Based on these modifications, elutriate tests were conducted as follows:

A1l samples were held at 4°C prior to testing.
Fixed sediments were then ground to pass a 10 mesh screen.
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3. Distilled water at pH 4.5 was then added to the ground sediment at 19
parts water to 1 part sediment (5 percent).

4. The slurry was then mixed vigorously for 30 minutes on a horizontal dis-
placement mechanical mixer.

5. Mixtures were then allowed to settle for one hour.
Settled slurries were centrifuged at 3,500 rpm for 30 minutes and cen-
trate filtered through a .7-2py Gelman glass fiber filter.

7. Finally, filtrate was analyzed for kepone and compared to results
obtained with unfixed sediments.

Similar considerations were made in designing the leach test employed.
Specific steps included: ’
1. Al1 samples were held at 4°C prior to testing.
2. Blocks of fixed sediments were weighed and reduced in size to the
diametér of pea gravel or less.
3. Approximately 70 gm of particles were then placed in sealed leaching
bottles and 500 ml of distilled water at pH 4.5 was added.
4. At each sampling interval, the water is removed from the vessel, and a
new pH 4.5 500 ml aliquot is added.
5. Removed aliquots are split. Half are sent for kepone analysis, and hailf
are composited to assess total kepone losses.
6. Sample intervals were selected as 1, 4, and 24 hours; 7, 14, 28, and 84
days.

Results to Date

Only commercially available fixation agents were employed for Fhe studies
reported here. To identify candidates and avoid arbitrary exclusion of any
options, an attempt was made to contact all companies currently marketing
fixation processes. Firms identified for this purpose and their subsequent
response are detailed in Table 1. A1l companies were offered the opportunity
to participate, but as is evident from Tabie 1, not all chose to do so.

Preliminary data are available on silicate and gypsum based sealants
from three firms. These are presented in Table 2. None of the samples
exhibit any clear retardation of kepone loss. Indeed, several agents appear
to enhance 1eachabi1ity. For the silicate agents this is believed to reflect
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TABLE 1. Candidate for Fixation Agent Testing on Kepone Contaminated Sediments

Company

Address

Response

ChemfiX-Nationa]
Environmental Controls, Inc.

TJK Ind.

IU Conversion System
Protective Packaging

John Sexton Landfill Contractors
Werner and Pfluidores, Corp.
Wehran Engineering Corporation

Ontario Liquid Waste Disposal
Systems

TRW Inc.

Manchek Colorado

Key Chemicals

Dowell Division, Dow Chemical
Hallemite Division, Sterling
Drug Co.

Randustrial Corp

Tidewater Terminal Co.
Surcoat

Metairie, LA

7407 Fulton Ave.
North Hollywood, CA
91605

Plymouth Meeting, PA
Louisville, KY

Oakbrook, IL
Waldwick, NJ
Middletown, NY

470 Collier MacMililan Dr.

P.0. Box 1060
Cambridge, Ontario

Redondo Beach, CA

P.0. Box 30737
Santa Barbara, CA

4346 Tacony St.
Philladelphia, PA

Tulsa, OK

225 Summit Ave
Montvale, NJ 07645

13311 ‘Union Ave
Cleveland, OH

Pasco, WA

Chevron
San Francisco, CA

Fixed samples at company

Fixed samples at company and sent
chemicals for in-house fixation

No response

Not developed enough for testing
on sediments

No response
No response
No response

-Fixed samples at company

Not developed enough for testing
on sediments .

Fixed samples at company

Sending samp]és of sediment
fixed at company

Sent chemicals
Sent chemicals

Sent chemicals

Sent asphalt sample
No response




TABLE 2.

Kepone Concentrations in Leachate Solutions (ppb)

Leach Period in Hours

Fixation Type(?) 1 i 24 168 336 672
Company A - Silicate 1 1.04 0.99 1.01 1.81 1.74 2.09
Silicate 2 1.3¢ 2.64 0.90 1.30 1.18 0.78
Silicate 3 1.33 1.88 1.31 1.42 1.04 1.02
Silicate 4  0.39 0.54 1.00 1.18 1.27 1.4
Company B - Silicate 1 0.07 0.08 0.094 0.166 0.524 0.30
Silicate 2 0.05 0.05 0.111 0.157 0.306 0.27
Company C - Gypsum 0.52 0.47 0.9 0.91
Blank 1 <0.06 <0.06 0.076 0.058 0.050 0.22
Blank 2 0.117 0.04 0.7104 0.081 0.1

(a) Company names will not be identified until data are finalized
and firms have been informed of their products performance.
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the high pH associated with the fixation process. The low pH leachate appears
to break the fixed particie down. Further, since kepone is much more soluble
under high pH conditions, the fixation process is actually releasing kepone
from sediments. The gypsum system also appears to physically bréakdown when
left standing in water. A preliminary evaluation of asphalt binders was made,
but these could not be easily mixed with wet sediments unless heated. This is
believed to constitute excessive costs and equipment requirements for the
volumes of sediments involved.

ELUTRIATE/SLURRY TREATMENT

Should dredging be employed to restore the James River system, there will
be a need for the capability to treat elutriate, leachate, and/or the entire
dredge spoil slurry in order to prevent subsequent escape and movement of
Tow level contamination. The applicability of various approacheé depend com-
pletely on the physical-chemical properties of the kepone as well as the
nature of the liquid stream to be treated. For the purposes of the work
conducted here, candidate approaches were divided between biochemical and
physical-chemical mechanisms. '

Biochemical Approaches

A review of the Tliterature was conducted to determine if biological
interactions have any potential for application to kepone amelioration. In
general, there is a paucity of data upon which any detailed analysis can be
conducted. However, sufficient information on the properties of kepone and
the related compounds mirex and kelevan do exist for a preliminary assessment.

No evidence of microbial dehalogenation of kepone could be found in the
literature. Work by Vind(7) in both aerobic and anaerobic seawater solutions

over a 12 month period produce no measureable kepone reduction. Similarly,

8) 9)

Brown et a].( and Jones and Hodges( were unsuccessful in obtaining

degradation of Mirex with various strains of aerobic and anaerobic organisms

(10-11)

from soils and sediments. However, Andrade et al. do report anaerobic

conversion of Mirex to the 10-monohydride derative in a sewage sludge. Kelevan,
which contains an ethyl levulimate functional group, is much more susceptible

12)

to degradation.( The residuals, however, are measured as kepone.
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Water with fungi and molds would appear to be more productive. Dr. Ralph
Vallentine of Atlantic Research reports that upon screening some 40 strains
of fungi and mold, he was able to identify 6 which yielded 13-40 percent
degradation over a 2-3 week period. Results were best when no additional
carbon source was available to the organism. The intermediate degradation
products were identified. The approach bears promise for work with waste
materials. |

Physical-Chemical Systems

Numerous means exist for the physical-chemical destruction of organic
materials. A wide range of these were evaluated for application to kepone
contaminated water and sediments. Subsets of these include approaches
designed around the use of oxidizing chemicals and processes utilizing
electromognetic waves bf various frequencies.

The simplest option classified in the latter category is photodegradation
with straight sunlight. No data were found with respect to the effect of
1ight on kepone degradation. Some work has been performed on mirex. In
these studies it was determined that mirex is not subject to}photo]ysis to

any great extent.(]3']5)

However, significant enhancement of the photolysis
process was achieved when the mirex was placed in an aliphatic amine solu-
tion.(]3) The decomposition product appeared to be a mixture of monohydride

derivatives.

To test the applicability of this process to kepone, 10 ppm in solutions
of 100 and 10 percent amine were exposed to a sunlamp for 1 hour. Results
are summarized in Table 3. The ethylenedisamine shows promise at higher
concentrations. Work is currently underway to identify degradation products,
assess the effectiveness of other secondary amines, and evaluate the concept
for application to contaminated soils.

Use of y radiation can also effect degradation, but required doses are
considered too high for consideration. A residual of .14 ppm was obtained
when sediment with 1.2 ppm kepone was subjected to 144 megarad. This is
equivalent to 88 percent removal.

- 175 -




TABLE 3.

Solvent System

Effects of Sunlamp
in Amine Solutions

Irradiation

Kepone Concentration
in ppb After

Strength of Solvent (%) 1 Hour 23 Hours

Hexane 10 1,640 6,040

100 3,700 530

Ethanolamine 10 2,230 7,970

100 6,520 2,530

Triethylamine 10 54.4 18,620

100 2,240 477

Ethylenediamine 10 1,715 117
100 <22.9

Work has also been performed on ozone enhanced ultraviolet oxidation.
This is a process presently under development at Westgate Research in West
Los Angeles, California. In a preliminary evaluation with a stock solution
of 5.172 ppm, residuals of 20.9 ppb and 46.7 ppb were obtained over 1.5 and
2 hour exposures, respectively. A second set of tests is currently underway
with waters having a high particulate load. This is of concern because of

the need for the UV to penetrate the slurry being treated.

Chemical oxidation tests were conducted with chlorine dioxide (C]OZ) and
ozone. Neither oxidant was effective in degrading kepone. A second set of
evaluations with C]O2 in sunlight is now underway. Work is underway at
Envirogenics to determine the effectiveness of their catalytic reduction

process for dechlorination. No data are available at this time.

IN SITU PROCESSES

In situ processes as a category are the newest of the approaches to
removal/mitigation of in-place toxic materials. As such, they are typically
not as fully developed as other approaches, but may offer benefits as yet
unmeasured. Several of the more promising options were selected for testing

in the laboratory.
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A preliminary assessment suggested that biological approaches hold little
promise for use in areas where kepone contamination is of concern. While
Atlantic Research has identified six strains of fungi and mold capable of
degrading kepone, all appear to be subject to dominence by natural bacteria
in sediments. Therefore, application in situ would be hampered by poor
growth if not total loss of viability.

It has also been suggested that biological systems could be used to
accumulate the kepone and then be harvested for retrieval. For instance,
algae has been shown to accumulate kepone by a factor of up to 800.(]7)

The concentration of kepone in the water of Bailey Bay, however, was found

to be 10'4 the concentration in the sediments. The algae can concentrate
kepone from the water, but not the sediment. Consequently, extensive amounts
of time would be required to accumulate all of the deposited kepone from
Bailey Bay.

Recent reports have also documented the use of macroaquatic plants to
remove organic contaminants such as PCB's from water.(19) The same time
constraints plague this option as discussed previously for algae. Advantage
could be gained if rooted plants were capable of accumulating kepone from
sediments in a similar fashion. When tested in the laboratory, however, it
was found that barley did not translocate kepone to the stem and leafy parts.
Uptake occurs only in the roots where the mechanism is Tikely to be direct
adsorption rather than biological uptake.

Artificial means of accumulation may be more promising. Natural sorbents
such as activated carbon and synthetic sorbents such as the macroreticular
resins have been shown to be effective in concentrating organics similar
kepone. Indeed, in preliminary laboratory investigations, several com-
mercial agents were found to have a partition coefficient 100 times that
for Bailey Bay sediments. It was further determined, that through incorpor-
ation of magnetite into the structure of the sorbent beads, these particies
could be spread through an area of contaminated sediments and selectively
retrieved after a period of accumulation. To test this concept, a series
of aquariums were prepared containing "standard" sediment holding 1.2-1.5 ppm
kepone. To each of these, a commercial sorbent was added at 1 part per 100
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parts sediment and allowed to stand. At preset intervals, aquariums were
drained and the sorbent removed to allow analysis of the sediment and a-
regenerate solution from the resin. Preliminary results for the first

time periods are presented in Table 4. The 863 and XAD-2 sorbents appear
quite effective. They also display continued effectiveness beyond the initial
two wéek period. There is some concern, however, that such a process will be

kinetically limited. The sorbent can quickly remove dissolved kepone from
interstitial waters, but this is only a minute portion of the total quantity
in the system. Subsequent removal requires desorption and migration to the
sorbent. To study the nature of such movement, vertical columns of con-
taminated sediment were designed and a sorbent layer placed on the surface.
After 8 weeks, 0.5 inch segments were sectioned and analyzed independently

to determine the depth of influence. Results are presented in Table 5. The
863 appears to have been effective at least to a depth of 3.5 inches.
Additional analysis at increasing depths is presently underway so as to deter-
mine the ultimate depth of influence.

It is also possible to physically retard the availability of kepone to

the water column. This approach has been tested on mercury contaminated

(17) and on PCB contaminated sediments in Japan

(18)

sediments using polymer films
using an in situ stabilization technique, An assessment of the former
approach revealed some promise for use of a 2 mil sheet of polyethylene in
the Bailey Bay area. Venting to relieve pressure from anaerobic generation
of gases, however, may reduce effectiveness. The in situ stabilization
technique is still under study to determine the effectiveness of the silicate

based agents.

None of the elutriate treatment processes evaluated have shown potential
for use in situ.

PRELIMINARY ASSESSMENT

Results and status of candidate alternatives evaluated to date are sum-
marized in Table 6. No fixation agents have been found satisfactory to date,
but several have yet to be fully evaluated. Apparent probiems with the more
common silicate based agents stem from kepone desorption at the higher pH
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TABLE 4. Effectiveness of Sorbents in Accumulating
Kepone from Bailey Bay Sediments

2 wk Exposure

Conc. in 4 wk Exposure
Sediment Conc. in
After 2 wk, Apparent Sediment, Apparent
ug/ Removal, % ug/ Removal, %
xapz(a) 0.80 49 0.53 66
xapa(?) 1.18 24 1.06 32
863(b) 0.89 43 0.72 54
FILTRASORB(C) |
300 1.21 22 1.06 32
Magnetic Carbon 1.56 0 1.23 21
Blank 1.56 0 1.56 )

(a) Product of Rohm and Haas
(b) Product of Diamond Shamrock
(c) Product of Calgon

TABLE 5. Effect of Surface Application of Sorbents with Depth

Blank Sorbent 863(3) xap-40)
Kepone Kepone Kepone

Content, Content, Apparent Content, Apparent

Depth, in. __ ppm ppm % Removal ppm % Removal
0.5 0.079 70 0.291 --
1.0 0.262 0.060 77 0.209 20
1.5 0.066 75 0.119 55
2 0.211 0.328 - 0.155 4]
2.5 0.045 79 0.053 75
3.0 0.299 -- 0.174 34
3.5 0.040 81 0.233 -
4.0 0.058 73

(a) Product of Diamond Shamrock
(b) Product of Rohm and Haas
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TABLE 6. Summary of Results and Status of Candidate Alternative Evaluations

Approach Option Results Status
Fixation Silicate Bases High pH characteristics produce Some agents still
expensive leachate concentrations to be tested
Gypsum Bases Breakdown in water, ineffective Rejected
Epoxy Bases Tests not complete
Sulfur Bases Tests not complete
Asphalt Too difficult to apply to wet Rejected
sediments
Electriate Amine Photolysis Some degradation rated with Testing degradation

Slurry Treatment

In situ

v Radiation
UV-0zonolysis

Ozone
Chlorine Dioxide

Catalytic Reduction

Biological Degradation

Biological

Retrievable synthetic
sorbents
Polymer films

specific amines

Effective at excessive doses
Effective on clear solutions

Ineffective
Ineffective

Promising strains of fungi and
mold identified

No significant degradation,
bioaccumulation bad, harvesting
too slow from sediments

Specific media highly effective

Feasible

products and
applicability
Rejected

Testing in natural
waters

Rejected

Testing in presence
of sunlight

Data not yet avail-
able

Deserves further
consideration

Rejected

Tests are continuing

Assessing probable
effectiveness, long-
term implications




levels. At least three candidate elutriate/slurry treatment processes have
shown promise to date: UV ozonalysis, biodegradation with selected fungi and
molds, and amine assisted photolysis. Retrievable synthetic sorbent and
polymer films both appear applicable as in situ approaches at this time.

The information presented here is preliminary in nature. Many analytical
data are yet to be evaluated and numerous tests must still be completed. Only
after these have been concluded and viewed collectively can recommendations be
made for implementation of mitigation activities on the James River.
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INTRODUCT ION

On September 8, 1976 the New York State Department of Environmental
Conservation and thé General Electric Company signed an agreement bringing
to a close the ac{ion brought against General Electric relating to the
discharge of polychlorinated biphenyls (PCBs) into the Hudson River. This
paper presents a detailed description of the Department of Environmental -
Conservation's program for implementing Section 3 of the settlement whiéh

is the portion related to monitoring and-reclamation of the river.
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BACKGROUND

Polychlorinated biphenyls (PCﬁs) were first manufactured in 1929
and their chemical properties were soon discovered to be ideal for a number
of industrial uses. They are extremely stable'chemically and biologically,
conduct electricity very poorly,and possess a very low solubility in water.
In the United States,they have bgen used for a wide variety of purposes, most
heavily as a heat transfer fluid and insulator in heavy electrical equipment.
But, these same chemical properties create a significant biological hazard.

This hazard>might have gone unnoticed had ft not been for an indus-
trial accident in Japan that has come to be called éhe Yusho ("rice oil
disease") incident. In 1968 this disease (manifest primarily as a serious
skin disorder) was traced to fCBbcontamination_of rice oil during its manu-
facture. Since that incident, more research has turned up rather frightening
facts.

Yusho victims are stiil exhibiting symptoms of the poisoning and,
even thoﬁgh not exposed to additional PCBs, they still have ﬁigh levels of
PCBs in their blood and other body tissues. Several deaths among the victims
have been associated with malignant cancers, though it is not possible to
conclusively state that the PCBs caused the cancerg. Recent evidence shows
that the rice oil and tissues of Yusho patients also contained polychlorinated
dibenzofufans (PCDFs). PCDFs are more toxic than PCBs. It is therefore not
possiblé to conclusively associate the symptoms of this incident with PCB
poisoning.(l’z)

Experiments with laboratory animals, including monkeys, however, con-

firm that many of the symptoms associated with Yusho are directly related to
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consumption of PCBs and persist in the bodies of all experimental animals long
after they are removed. from diets containing PCBs. 1In addition to deaths being
noted at high doses, liver tumors have also been induced in mice and rats. An
exhaustive summary of these effects caﬁ be found in the recent Criteria
Document for PCBs (1976) published by the Environmental Protection Agency(l)
and a report published by the United States Department of Health, Education
and Welfare(z).

As a result of accumulating research on PCB toxicity, the United
States Food and Drug Administration (FDA) has set standards for allowable

(3)

levels of PCBs in various foods.
. THE PCB SETTLEMENT

Polychlorinated biphenyls were discovered to be a problem in the
Hudson River in 1975.. The United States Environmental Protection Agency and
Fish and Wildlife Service analyzed samples of fish taken from ﬁhe river . and
found that PCB concentrations Qere higher than the FDA limits by a substantial
margin. The fish could thus not legally be shipped for interstate sale. Acting
on this and additional evidence that the Department of Environmental Conservation
(DEC) had itself collected, charges were brought against the General Electric
Company (GE) for polluting the river with the toxic substance PCB. Adminis-
trative proceedings began on September 8, 1975. On February.9, 1976, after
weeks of testimony and a substantial record of several thousand pages of trans-
cripts, prefiled testimony, reports, studies and other exhibits, .the Hearing
Officer, Professor Abraham D. Sofaer, found that DEC had presented overwhelming
evidence of GE's responsibility for high concentrations of PCBs in the upper

Hudson's waters, sediment, organisms and fish. In a 77-page interim opinion,
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Professor Sofaer detailed the evidence and the violations(4). It is interesting to
note that he found that the unlawful actions were the consequence of both corpor-

ate abuse and regulatory failure by the responsible Federal and State agencies.

In order to determine the appfopriate remedial measures, a second
phase of the hearing was held during the spring and summer of 1976. As a
result of this hearing, a settlement agreeable to all parties was negotiated
and finalized exactly one year after the administrative proceedings began,
September 8, 1976(3).

The settlement calls for a comprehensive program of
at least $7 million to deal with PCBs in the Hudson River and related environ-
mental conceins. General Electric was required to reduce its PCB discharges,
which had been averaging about 30 pounds per day unfil 1972, to one pound per
day beginning September 8, 1976, and to construct a wastewater treatment
facility at the Hudson Falls‘and Fort Edward Capacitor Manufacturing Facilities.
Total PCB discharges from the plants were reduced to one gram (0.022 pounds)
per day by May 1977.

The agreement stipulated th#t GE was to cease using PCBs by July,
1977 and to perform $1 million of research on several items including the
environmental compatibility of ény substitute. Finally, GE was requifed to
contribute $3 million to the Department as its share of additional work to
further monitor the presence and levels of PCBs; to investigate the need for
remedial action concerning PCBs present in the Hudson and to implement such
action, if necessary; and to aid in developing a program to regulate the
storage and discharge of substances hazardous to the environment. New York
State was, by the agreement, obligated to provide an additional $3 million

for this work and the Commissioner of Environmental Conservation became
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responsible for overseeing and expediting the required work. An overview of
the provisions of the settlement related to studies of the Hudson River and

the Department's activity to date in implementing them is shown in Table 1.
ADVISORY COMMITTEE

A key provision of the settlement is an Advisory Committee consisting
of independent experts and govefnmental and private interests which'was estab-
lished to "review and make public recommendations to the Commissioner concerning
the scope, content, progress and results of the programs, studies and expendi-
tures".

The PCB Settlement Advisory Committee haé_been appointed and meets
monthly to cérefully eva;uate the work in progress and make recommendations
regarding results and further studies.

The relationship of this Advisory Committee to the Department and

~ implementation of the settlement is given in Figure 1.
THE HUDSON RIVER PROBLEM

In order to better understand the Hudson River PCB problem, it is
useful to kno@ sométhing about the river itself.

For most purposes, the Hudson River Drainage Basin can be divided
into three sub-basins - the Uppér-Hudson River, the Mohawk River and the Lower
Hudson River as shown in Figure 2.

Table 2 shows the relative area and water flows for these three basins.

From Ft. Edward to Cohoes the prer Hudson River is actually a series of low
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Table 1

Overview of Task Required by Section 3 of PCB Settlement

Settlement Provisions Department Activity to Date

I. Advisory Committee

The Commissioner of Environmental | An Advisory Committee has been formed and
Conservation will establish an Advisory it meets regularly,
Committee consisting of independent ex-
perts, governmental and private interests
which will, at regular meetings review and
make public recommendations to the Commis-~
sioner concerning the scope,content, progress
and results of the program, studies and
expenditures for which provision is made
in the agreement.

II. Other Funds

In the event that the funds herein No action can be talen until a decision as
provided for implementing remedial actions to the need for and cost of specific
concerning PCBs present in the Hudsom River remedial action is uade.

shall be inadequate to assure protection of
public health and resources, then the

" Department will use its best efforts to
obtain additional funds from sources other
than GE, that are necessary to assure such
protection,

I11. Overall River Program

1. Monitor the presence and levels A monitoring program has been developed by
of PCBs which have been discharged in the Dept. and approved by the Advisory Com-
Hudson River waters in water, sediment mittee. This program includes contracts for
and biota. . PCB mapping with Normandeau Assoc., PCB lab

analysis with O'Brien and Gere, and water and
sediment transport measurements with USGS.

An extensive program of fish, macroinvertebrate,
water and air monitoring by the Dept. is also
underway,

EPA special core study of estuary section
was carried out in December 1976. Lamont-
Doherty Lab will carry out studies to follow-
up the results of this survey.

For more detail see Table 3.
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Settlement Provisions

Department Activity to Date

2. Further investigate the need for
remedial action concerning PCBs present in
the Hudson River.

3, Implement remedial actién if neces-
sary to protect public health and resources,
concerning PCBs present in the Hudson River.

4.. Aid in developing a program to
regulate the storage and discharge of sub-
stances hazardous to the environment if.
sufficient monies are available after im-
plementing remedial action concerning PCBs.

IV. Work to be Carried out by GE ($1 million)

GE will condict research itself or by
contract on the ervironmental compatibility
of its substitute non-PCB dielectric capa~
citor fluids ($407,000).

GE will conduct research to be approved
prior to being undertaken by the Commissioner
after his consuliation with the Advisory
Committee on the removal or treatment of
PCBs in supernatant liquids and sediments
from the Hudson Kiver sludge (§400,000).

GE-will conuuct research as. specified
by the Commission:r of the effects on the
environment of not more than three substances
which may be hazardous to the environment
and which are to be selected by the Com-
missioner after his consultation with the
Advisory Committee ($200,000).
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Contracts for studies relating to taking no
remedial actions and to removal of PCB
contaminated sediments by dredging are under-
way (see Figure 5).

The Advisory Committee has approved main-
tenance dredging by DOT of a small section of
the east channel of the river near Ft. Edward.
An environmental assessment for this project
has been prepared\®» dand approved. Dredging
is expected to take place during the summer
of 1977. Experience from this project will
be useful in evaluating and design of future
projects.

No action can be taken until above studies
are received.

No action can be taken until a remedial
action program is decided upon and imple-
mented; however, an overall Hudson River
research program is being prepared by the
Advisory Committee. .

A substantial amount of work on the substi-
tute'nfs been done by GE. A preliminary
report 8) on the substitutes has been pub-
lished and is under review.

The work study plan(g)presented by GE has
been approved by the Commissioner on the
recomnendation of the Advisory Committee and
work 1s underway.

The Advisory Committee has been asked to
reconmend three substances for study. They
have established a subcommittee for this
task.




Figure 1

Organizational Chart for the PCB Settlement Between

General Electric and The Department of Environmental Conservation

COMMISSIONER'S OFFICE

PUBLIC

A

F | PCB ADVISORY COMMITTEE

Chairman/Co-Chairman

Contractors

A,E
B DEC Project | E
Manager
c E
DEC D General
Staff Electric

A. Give advice and respond to questions.

B. Managerial direction
1. Advise DEC about short-term and long-term

planning.

2. Receive and react to periodic reports from

DEC staff.

3. Assist DEC in evaluations.

4. Assist DEC in preparing reports and recommendations
to the Commissioner.

C. Technical resource.

D. Exchange of information.

E. Managerial direction.

F. Public access and information.
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Table 2

Hudson River Drainage Basin Area and Average Flow

Location

Area

Average Flogw

miz tm? ft3/sec m~/sec

Upper Hudson Basin 4,634 ' 12,002
Waterford - 7,660 217

Mohawk River Basin 3,456 8,951
Cohoes ' : 5,630 159

Lower Hudson Basin 5,300 13,727
Tributaries 7,100 201
Total Hudson Basin 13,390 34,680 20,390 577

~-from U.S. Department of

Interior, Geological Survey,

Data for New York Water Year 1975, 1976.

Water Resources




level dams and serves as part of the Champlain Canal (Figures 3 and 4), The

Mohawk River serves as the eastern portion of the New York State Barge Canal

and joins the Hudson River just above the Troy Dam.

The lower Hudson Basin is tidal over its entire 150 miles (241 km).

Average tides are 4.4 feet (1.4 m) at the Battery, 3.0 feet (1 m) at Beacon
and 4.8 feet (1.5 m) at Troy. Tidal flows at Poughkeepsie have been
measured as 230,000 to 280,000 cfs (6,516-7,932 cms). Dye studies have
shown that the flow actually oscillates with the tide, with a very slow net
outflow. Because of this tidal flow, salt-water intrusion extends quite a
distance upriver. The 50 mg/l (0.05 o/00) salinity fluctuates from 20 mi.
(32.2 km) above the Battery (near Tappan Zee Bridge) to 70 mi. (112.7 km)
inland (south of Poughkeepsie) depending on the freshwater flow.

Testimony given at the hearing clearly demonstrates that al-
though the levels of PCBs in fish and other animals are alarming, most of
the PCBs are held in the sediments on the river bottom and suspended in the
water. Very little PCBs can be found in the water itself, but because of
bioaccumulation, it is enough to create a serious hazard, 'Clean" fish
placed in this water in cages ("live-cars'") have accumulated dangerous PCB
levels in their flesh within one month(4).

Existing data indicates that the sediments in the section im-
mediately below the GE discharges at Fort Edward are the most contaminated,
General Electric discharged large volumes of PCBs for at least 25 years,
Much of this probably accumulated in the sediments impounded behind the
dams south of the manufacturing plants., The first dam was located in
Fort Edward, but, for various reasons, it was removed in the late summer

of 1973(102 Some of the contaminated sediment which subsequently moved
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downriver has been removed by Department of Transportation's (DOT) dredging

to maintain the Champlain Canal. Much, however, still remains, particularly
in the region between Fort Edward and the Thompson Island dam.

The essence of the Hudson River problem is that these PCBs are
now slowly leaching back into the river and if no action is taken, may con-
tinue contaminating the river and its biological system far into the future.
It is also possible, however, that the contaminated sediments may be
covered or moved by nature to a section of the river where they may no
longer present a problem or that they may have so spread out over the

entire length of the river that no action is possible.
THE PLAN OF STUDY

Although research prior to and since the court proceedings demon-
strates a serious problem does exist with respect to PCBs in the Hudson
River, the complete scope of the problem and the appropriate remedial
action are not clear. The State plan adopted is a complex proéram to
ascertain the seriousness aﬁd-precise location of PCB contamination in the
Hudson River and to evaluate the cost, environmental as well as financial,
of any remedial action. This program has been formulated by DEC,
approved by the Advisory Committee, and is now underway (Figure 5). A

summary of this plan follows

A, Monitoring Study

In order to define the concentrations and movements of PCBs in
the river system, a comprehensive monitoring program has been developed.

The program(ll) outlined in Table 3 includes monitoring of fish, macro-
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invertebrates, sediment, hydrology, wastewater treatment plant input,
water and air., Some highlights of this program are described below.

The Department's Division of Fish and Wildlife is respomsible for

i
a basic biological monitoring program, and as part of this program, it will
be collecting fish at six sampling locations spread throughout the river
from Stillwater to the Tappan Zee Bridge. Most of the sampling will take
place in the Lower Hudson River where commercial fishing interests are the
greatest. Nine common species are expected to be sampled, mostly during
May and June, but American Shad were taken during their spawning run in
April. 1In addition to these studies, macroinvertebfates are being sampled
throughout the spring and summer,

These animals, as well as all other materials, will be analyzed
for PCBs by chemists at O'Brien and Gere Engineers of Syracuse, New York.
This firm follows a rigorous quality control program designed and monitored
by the Department of Health and can handle the large number of samples ex-
pected dur&ng the program., Before the study is complete, several thousand
samples will be analyzed for fCBs using a gas chromatogfaph-electron capture
detection.

Normandeau Associates, Inc. of Bedford, New Hampshire, was
awarded a contract to map the river bottom measuring the sediment thickness
and PCB content from Fort Edward to the Troy dam, in the region where
sediment was shown to be most heavily contaminated.

| In December 1976, the EPA Region II office used a helicopter to
collect Hudson River sediments between Troy and the Tappan Zee Bridge
because sampling in this region had previously been scanty. Results of

12)

this survey suggested that the Lower Hudson River also has highly
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contaminated sediment in at least four of the twenty sites sampled. To
further investigate this possible problem, a contract is in process with
Lamont Doherty Geological Laboratory. Lamont Laboratory has collected,
analyzed and archived cores in the Lower Hudson over the past several years.
With this unique collection and new ones from selected sites, it should be
possible to get a much better understanding of PCB levels throughout the
estuary portion of the Hudson River.

The United States Geological Survey is cooperating in the study
by continuing their work on sediment transport, particularly during big
storms and the spring thaw, Because high water in the river often moves large
volumes of sediment, PCB measurements provide an indication of whether, and
how fapidly, contaminated sediments in the Upper ﬁudson move downriver,

Not included as part of the program, but a study that will
contribute tb6 it, is an aquatic ecology and water quality study being done
by Equitable Environmental Health, Inc., for Niagara Mohawk Power Corp.(lB)
as input to their preparation of an environmental impact stateﬁent for
possible reconstruction of a ﬁydraulic dam at Fort Edward.

B. Need for Active Restoration

All of this new information, and the previously collected data,
will be synthesized and analyzed by three different teams of scientists and
engineers. Two of these teams have been commissioned to study the fate of
PCBs in the river if no action is taken to remove them, Tbe first, the’
firm of Lawler, Matusky and Skelly of Tappan, New York, will concentrate
on PCB contaminants in the sediments and their movement in the river. The
second, Hydroscience Associates, Inc. of Westwood, New Jersey, wil% concen=-
trate its efforts on the biological systems and PCB uptake from the water

and sediments.
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The third team is Malcolm Pirnie, Inc. from White Plains, New York,
who has been aworded a contract to determine the technical feasibility,
engineering methodology, cost and environmental impact of dredging con-
taminated sediments from the river. Although many other methods have been
suggested for removing PCBs from the river, at the present moment, dredging
is the only proven teohnology which could be appiied in the immediate future.
Other techniques would probably take at least five years before they could
be used on the necessary scale. By then, the highly contaminated, and
presumably confined, sediments might well be elsewhere.

Additional information on dredging of PCB contaminated sediments
will be gained as a result of dredging operations planned for the summer
of 1977(6,7), Although fhe primary purpose of this operation is main-
tenance of the canal system in the Fort Edward area, the work will be closely
monitored in order to evalﬁate the practicality of dredging in PCB con-

taminated areas.

Dovetailing with Malcolm Pirnie's work, weston Environmental
Consultants of West Chester, Pennsylvania, are evaluating various landfills
and dredge material disposal sites, If dredging is to be seriously con-
sidered, the dredged materials must be tfeated and/or placed somewhere,
LeachingAcould return much of the PCBs back to the river unless adequate
precautions are taken.

The results of these studies are due early in 1978. Hopefully,
they will provide the basis for deciding whether remedial action is
desirablé. If dredging is the proper action to be taken, how, when and
where should it be done to provide the greatest removal with the least

environmental impact and least cost? 1If it appears that dredging is unwise,
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then what direction should DEC take in attempting to solve this problem?

The answers to these questions will not be simple but the work being

carried out as part of the PCB settlement will insure that in making them we
will have the best scientific input possible.

A multitude of geologists, chemists, biologists and engineers
from State and Federal agencies, private firms and educational institutions
are directly involved in this massive study. A list of the principal
groups involved is given in Table 3. Such a cooperative endeavor, although
difficult, is beqoming more commonplace as we realize the necessity of
integrating our scientific and technological knowledge to solve problems
of our own making., This study can be viewed as a test to see if such an

effort can succeed,
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Table 3

PCB-Hudson River Monitoring Program

Element Description of Program Being Carried out by
Hydrology Several additional gaging stations have been established in the Upper U.S.G.S.
Hudson River.

Sediment An extensive number of bed sediment core and grab samples are being taken Collections by Normandeau Assoc.,;
in the Upper River to map the PCB contamipated areas. Some cores are PCB analysis by O'Brien and Gere;
being analyzed for radioactive Cesium-137 in order to date them. Cesium—-137 analyses by USGS.
Several suspended sediment stations have been established to monitor U,.58.G.8.
movement of sediments and their PCB content.

A special study of bed-load sediment transport of PCBs ia underwzy. Rensselaer Polytechnic Inst.
A screening survey of PCB concentrationsin the Lower Hudson River has EPA.

been completed.

A detailed follow-up study of the estuary sediments and their PCB Lamont Doherty Geological Lab.
concentrations is underway.

Groundwater Limited groundwater samples are being taken as part of the study of Roy F. Weston Assoc; DEC Div.of

Water column

Fish

Macro-
invertebrates

Wastewater

Air

landfills and dredge disposal sites and as part of a water supply program,

Water column data will be collected regularly in the Upper Hudson River.
Municipal water suppldies using Hudson River water are belng monitored
regularly.

Fish will be collected at six sampling locations spread thtoughout the
river from Stillwater to the Tappan Zee Bridge. Most of the sampling
will take place in the Lower Hudson River where commercial fishing ‘
interests are the greatest.

Macroinvertebrate samples will be collected at selected stations
throughout the spring and summer.

A screening program of sewage treatment plant sludges is planned to
determine which if any are potentially contributing significant
quantities of PCBs to the river

A sampling network of air quality has been set up in the Fort Edward
area,

Pure Waters; Dept. of Health

USGS; DEC Division of Pure
Waters; DOH.

Collection by DEC Division of
Fish and Wildlife; analyses
by O'Brien and Gere.

Collected by DEC Div., of Pure
Waters and Dept of Health;
analyses by O'Brien and Gere.

Samples collected by DEC Div.
of Pure Waters; analyzed by
O'Brien and Gere.

- Samples collected by DEC Div. of

Air Resources and analyzed by
DOH.




Table 4

Estimate of Direct Expenses Related to GE/PCB Settlement
(September 1976 - March 1979)
Amount From GE
Contract Purpose Total PCB §
Normandeau Surveying and mapping, ' $ 98,686 $ 98,686
O'Brien and Gere PCB laboratory analysis. 300,390 300,390
U.S. Geological Increased monitoring of PCBs, flow and sediments. 120,000%* 60,000
Survey
Lawler, Matusky Study of no-action alternatives, with 107,000 107,000
and Skelly emphasis on sediment-PCB movement.
Hydroscience Study of no-action alternatives, with emphasis 58,442 58,442
on biological uptake of PCBs,.
Malcolm Pirnie Environmental Impact Statement for East Channel 75,000%* 0
maintenance dredging; engineering analysis; pre~
paration of plan and specifications; permit
application, ' )
Malcolm Pirnie Assessment of technology, cost and environmental 270,000 270,000
impact of dredging PCB-contaminated sediments. .
Roy F., Weston Study of PCB landfill and spoil disposal sites. 225,000 225,000
Lamont-Doherty Track down sources of PCBs in Hudson estuary. 75,834 75,834
Geol. Laboratory
Rensselaer Poly~ PCB transport in Hudson River bedloai sediments. 5;000*** 2
technic Inst,
Dr., Edward Horn Coordinator of study and PCB Advisory Committee, 5,400 5,400
Subtotal $1,340,752 $1,200,75
Other Expenses
Advisory Committee Operating expenses. 25,000 20,000
Monitoring equip- Office and field equipment needed to carry out 65,000 65,00)
‘ment and supply monitoring studies.
Project management Special supplies and expenses related to project 19,248 19,248
management.
New York State In-kind services related to monitoring, data 250,000 00
evaluation and study management.
Total $1,700,000 $1,305,000

* $60,000 matching funds provided by USGS.
*% Funded from Fort Edward Dam removal fund (NYS Legislative Appropriation, Chap. 992 of

*%% NYS Science and Technology Foundation.

the Laws of 1974).
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Table 5

PCB Hudson River Settlement Budget Summary

General Electric Inhouse Research and Studies

Amount Purpose

$ 400,000
tute non-PCB dielectric,

400,000 ~ Removal or treatment of PCBs in supernatant liquids and
sediments from Hudson River sludge. ’

200,000 Research on effects on the environment of not more than
three substances which may be hazardous to the environment,.

$1,000,000 Total Available.

Research on environmental capability of its substi-

Department of Environmental Conservation River Reclamation Program

$ 800,000 Monitoring the presence and levels of PCBs in Hudson River
waters 1n water, sediment, and blota (from Sept. 1976 to
March 1978)%*,
600,000 Studies reiated to remedial actions¥*,
300,000 Management and miscellaneous expenses.
1,000,000 Hstimated future monitoring cost.
3,300,000 . Reserved for implementing remedial action.
$6,000,000 Total Available ($3,000,000 from GE plus $3,000,000 from New

*See Tableg 3 and 4 for detailed breakdown.

Status

Work underwgy; fnterim feport on substitute:
available (8 .

Work plan approved by Advis?g& Committee and
Commissioner: work underway .

Awaiting recommendation of Advisory Committee
on selection of substances to be studied.

Monitorin% study plan approved and work
underway( L.

Studies underway,.

York State).




If studies now underway indicate that no remedial action is ad-
visable, or if required action will cost less than $3.3 million, the
settlement specifies that the remaining funds will be utilized to aid in
developing a program to regulate the storage and discharge of substances

hazardous to the environment.
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thson River Sediment Distributions and Water Interactions
Relative to PCB - Preliminary Indications*

Introduction

Subétantial discharges of PCB to the.Hudson River occurred for agpproximately
25 yearsbnear Ft. Edward and Hudson Falls, New York. Due to the recent con-
istructibn of industrial treatment plants and in-plant changes to a sukstitute
‘bcdmpodnd for PCB, these discharges of PCB to the Upper Hudson have keen
'redﬁced toiless than 1 gram per day. It is believed that much of the PCB
,becaﬁe.adsofbed on the sediment, wood chips and organic dekris in the river. 1)
In 1973, the th.Edward Dam was removed and much of the PCB laden sediment
that had accumulated behind the dam washed downstream as bedload and suspended
léad; There.were large dragline dredging projects in 1975 and again in
1977 near Ft. Edward to remove some of this material.(Q) Several floods
over the yeafs have greatly spread out the PCB laden sediment. Routine
-cﬂannel dredging for many miles downstream of Ft. Edward has removed some
additional PCB. Barge traffic in the river may have contributed to spreading
out of the PCB laden sediment. Extraction of PCB from the sediment to the
water and volatilization of PCB from the water may have reduced the PCB
coﬁcentrations in the first couple inches of bed sediment. Biological
.degradation and dilution of the PCB laden sediment may have had a similar
effeét.
Methods

Roughly 706 grab samples and 250 cores of the ked sedimént and 25 bedload
samples were taken in the Upper Hudson over a 40 mile river reach from
Ft. Edward to Troy, New York(3). Bedload samples were taken with the Bogardi 7-3
and Heliey Smith samplers.(4) The cores averaged 14 inches (35 cm) in length
and were typically cut into 4 sections. Howeyer,_some cores were as lonéfaél

5 ft.(1.8 m) and were sectioned every inch.

*T.J; Tofflemire, N.Y.S. Dept. of Environmental Conservation, Alkany, N.Y. and
T.F. Zimmie, Civil Engineering Dept., Rensselaer Polytechnic Institute, Troy, N.Y.
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Analyses on these sediments included grain size, volatile solids, and PCB
on most of the samples. PCB was always reported as 3 aroclors 1016, 1221,
and 1254 and the total. Some of the sediments were sukjected to 16 hour
soxlet extraétion and some to 1 hour shaker extraction. Many of these samples
were not yef analyzed for PCB at the time this paper'was written. Therefore,
the data indications are preliminary and subject to change as more data
becomes availakle. A lesser number of sediments indicated in Takle 1 and 2(5)
.were analyzed in 1976 for dry bulk density, fioatable solids, and total
extractableé (oil and grease). Some samples were examined under a tinocular
microscope by a geologist and also subjected to energy dispersive x-ray
analysis using a scanning electron microscope.(s)

Sediments were collected as indicated in Takle 1 and placed in clean
1 quart glass jars with an aluminum foil seal, which were stored at 5°C
until use or analysis. Some sediments were dried at 60°C and dry sieved
through clean brass sieves according to standard soil testing procedures.
Suspeﬁded solids, % solids and % volatile solids were done in accordance
with "Standard Methods for the examination of water and wastewater",(APHA)
13th edition. Turbidity was done with a Hach D.R. Engineers Lakoratory kit
(nephalometric type instrument). Floatakle solids was done as follows:
~ The sediments were dried at 100°C, weighed, placed in a known weight of
water and stirred for 1 minute. The floatakle matter was removed with a spatula.
The weight loss due to removing the floatable matter was determ}ned and dividied
by the dry weight of sediment used to get % floatable. By this procedure some
adsorbed water was removed in the floatakle matter.

Water samples for PCB analysis were collected in hexane washed glass
bottles with ground glass stoppers. Water and sediment samples were analyzed
for-the three arochlors of PCB by standard procedures used by the N.Y.S. Dept.

of Health, Albany, and adopted by O'Brien and Gere Engineers, Syracuse. If

not otherwise stated, total PCB is used.
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For the sediment water mixing studies, 4 liter beakers and a standard
four position gang stirrer were used. Sediments of known moisture contents
were weighted wet and the proper dry sediment to Hudson River water weight
ratios obtained to simulate dredging conditions. A total solution volume
of about 2.8 liters was used per beaker. Parameters varied in the 13 jar tests
included mixing time, settling time, sediment to water rétio, and sediment PCB
concentration. It was also decided to determine both soluble desorbed PCB
and total PCB including that in the suspended solids as desired. To separate
the solids from the liquid, an International Model PR2 centrifuge was used at
3300 rpm and 2000 RCF. The wet solids were transferred to an extraction thimble
and filtered therein. The liquid was put back in the centrate. The solids
in the thimbles were analyzed as sediment samples. Centrifuging was not
sufficieﬁt to effect complete solids separations. Therefore, 3 samples that
had been centrifuged were split and % filtered through a .45 u millipore
filter. The-filtéred solids were also placed in the extraction thimble.

Then the 1liquid samples were submitted for PCB analysis according to standard
procedures. For some of the water samples an emulsion formed, but it was
broken by adding and wasting methanal. On the samples were an emulsion
occurred, 3 to 4 extractions with hexane, as opposed to the normal 2
extractions were performed, to remove essentially all the PCB.

In addition, many 500 ml jar tests on 20 different polymers and chemicals
were conducted to determine the best coagulent for removing turkidity rapidly
from sediment water mixtures.(é)

Full scale dredging with cutterhead hydraulic dredge(figure 3) operated by
the N.Y.S. Department of Transportation was monitored at 3 sites. (A) Lock 1,

3 miles north of Waterford, N.Y. (B) Bouy 212, 3 miles south of Ft. Edward,
N.Y. and (C)Lock 4 near Stillwater, N.Y. The dredge pumped about 20-24 cfs(34-

41 cu.ny'min.to individual spoils-lagoon areas where most of the solids settled

- 212 -



and the water returned to the river through a wood overflow box structure.
The return flow was monitored daily and samples periodically taken for
turbidity, suspended solids, PCB and heavy metals.

Polymers were fed on the dredge to improve the turbidity removal in the
spoils lagoon. They were fed by a Cole Palmer masterflex pump into a line
receiving tap water dilution and then into the suction side of the dredge
pump. The polymers mixed with the dredged slurry in:the pipeline. The
velocity in the pipeline was 20 ft/sec(7.1 m/s). At Lock 1,three
different cationic polymers Drew Floc 410, Nalce 7134 and Calgon Cat floc B
were tried in 2-8 hour experiments on 3 different days. At Bouy 212 Cat floc B
was fed continuously after 9:30 a.m. for almost every day of dredging. At Lock
4,Cat floc B was additionally fed at the second stage of a 3-stage lagoon
system through a gravity pipe diffuser.

Salt tracer studies were performed to determine the retention times of the
spoils lagoons. A_lOO 1b(45 kg) bag of calcium chloride was dumped at the
pipe entering the lagoon and the conductivity monitored at the overflow box
structure. Styrofoam chips were dumped and timed to also give approximate

flow through times.

Bed Sediment and Bedload Data

The bed sediments tybically contained wood chips, saw dust, shale chips,
cinders, and coal fragments in the coarse sizes, while the fine §izes contained
quartz and feldspar sand, fragments of the above,clay, muck and organic mate-
rial(7). The fine fractions (less than .42 mm) usually contained much less
wood. The bedload samples had similarlies to the bed sediment but generally
contained less silt clay and muck. Figures_l and 2 show sieved fractions of two
bed sediments. Wood chips were noticed in the coarse fractions in Figure 2.

Previous studies have noted the river bed is often fissible black shale of the

Trenton group or Albany clays.
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From the data in Table 2 and from microscopic examinations it was noted
that wood chips were often present in the > .4 mm size fractions of bed samples
but absent in the finer sizes. This contributed to often cag§ing the coarser
size fractions to have higher volatile solids and floatable solids and lower
bulk density. For bed load samples,the wood was often present in the coarse
sieve fractions but absent in the finer fractions. It is noted that saw dust is a
good adsorber for oil and that PCB is o0il soluble. The bedload from Waterford
had considerably more round shale pebkles, while the up river samples contained
more quartz and feldspdr in the fine sands and more wood chips, angular shale
chips and cinders in the coarse sizes(5).

For several typical samples that had wood chips, sand, and éome muck,
the PCB was present throughout all grain sizes. As indicated in Takle 3,

PCB was as high in concentration in the very coarse materials (;}SZHmﬁ as in the
fine materials(<.075 mm). For some samples, the medium size sands were often
lower in organics and PCB. From the analysis of about 1000 bed samples it was
generally found that the highest PCB occurred in muck deposits high in

volatile solids.ﬁ‘However, some bed samples of coarse sand and wood chips

were also moderately high in PCB. The analysis of this data is not yet

complete however.

For 45 sieved bedload samples taken from the Waterford Rt. 4 Bridge in
March 1977(Z01-49) there was a fairly good correlation of PCB and volatile
solids, r = .86(4). It was also noted that 'some bedload samples taken at
Ft. Edward and Schuylerville in March 1976 were high in volatile solids and
PCB. However, the Waterford Rt. 4 Bridge bedload samples taEén during high
flow in March 1976 contained no wood chips, low organics and low PCB while

some. of the March 1977 samples at Waterford were higher in wood, organics

and PCB. Takle 4 summarizes the 1977 total calculated bedload movement

appeared relatively small considering suspended load PCB movements of g, 000
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-~¥0,000 1b/yr (2270-4540 kg/yr) over the Troy Dam.(8) However, some of the
PCB concentrations in the bedload were surprisingly high, 80 ppm for example
on 4/1/77. The bedload may have been higher in an open river without dams.

Figure 4 provides a hydraulic profile of the Upper Hudson and indicates
the eight dams(7 river reaches) from Ft. Edward to Troy. Although all
analyses on the 700 grabs and 250 cores are not all complete, preliminary
indications are that the highest PCB concentrations were in the first river
reach with values over 1000 ppm behind the Thompson Island Dam. Concentrations
of 25-100 ppm in this upper river reach were common while the lowest river
reach(Lock 1 to Troy Dam) had concentrations of 5-25 ppm. In the river, it was
noted that the muck deposits typically occurred along the banks and the coarse
sands in the main channel. Malcolm Pirnie Inc.(10) found that the mean of the
700 grab sample D50 sizes was about .3 mm. The D50 is the sieve size that passes
50% of the sample. In addition,20% of the samples had a D50 of greater than 2 mm
while another 10% of the samples had a D50 of less than .06 mm({the silt size
division).

The 250 cores from the Upper Hudson and their 1000 to 1200 suksections
were only partially analyzed at this writing. However, there did appear to be
a trend of the PCB being highest in the layer 3-87.6 =20 cm) kelow the top
of the core. Generally the PCB did not extend below 2 ft. (.6 m) in the core,
although there wére exceptions to this. Many of the cores were taken near the

river banks where muck deposits were most prevalent.

Sediment Water Interactions

As described in more detail in another report(5), 13, 2.8 liter jar
tests were performed in which Hudson River sediment was mixed with clean river

water in usualiyl/lO sediment to water ratios. After various settling times

after various solids separation procedures(centrifugation or filtration) PCB,
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suspended solids, and turbidity were measured in the water and in the fine solids
separated from the water. The sediment total PCB generally ranged from 10-300 ppm
and caused a total water PCB of 10 to 200 ppb and a soluble water PCB of 2-6 ppk.
This gave a sediment to soluble water PCB partition coefficient ranging between lO3
and lo5 and typically near 104 for mixed jar tests simulating dredging. For a river
situation simulated by a fish tank experiment with water flowing over sediment

in a tank, the partition coefficient appeared closer to 105€5) Diffusion

of the PCB off the bottom and into the entire water column may add a limiting
factor here since soluble PCB valuesfor Upper Hudson River water are typically

less than .5 ppb. Elutriate tests on Hudson River sediment authorized by N.Y.S.
Department of Transportation also confirmed solukble water PCB concentrations in

(6)

the 2-6 ppbk range. However, a few jar tests on sediments high in PCB and

volatile solids indicated some unusually high soluble PCB values of about 50-

100 ppb.(s) It is not>yet known what the cause of this was. However, it may

have been due to a fine suspended turkidity or to a high level of soluble oils

and TOC in the water or due to a scum accumulation on the water surface which was

included in the water sample tested for PCB. Jar tests on Hudson River sediments

by Malcolm Pirnie(9) provided some other usefull insights. As the water to sediment

ratio increased from 10/1 to 10,000/1 there was a 30-40 fold increase in the

total quéntity of PCB suspended or extracted from a given weight of PCB.in the

sedim;nt. This implies that higher river flows will extract more total pounds of

PCB from the river bed and at the same time yield a higher partitioning coefficient.
The data from the 13 jar tests were plotted in Figure 5 and related PCB and

suspended solids in the water. The PCB valués and other data on the TOl sediment

were given in Tables 2 and 3. The TOl sediment PCB was 26.4% ppm while the less

than .075 mm size fraction had a PCB of 35.55 ppm.
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It is possible that the sediment fines suspended in the jar water after several
hours were much smaller than .075 mm and had a PCB content of 100 ppm. If this
is assumed, then the PCB in the water can ke calculated directly from the
suspended solids in the water as noted in Figure 6 for TOl sediment.
Correlating the PCB and suspended solidé data in Figure 5, gave an r-value
of .76. In a jar test, it appeared that PCB in the sediment was extracted
to the partition coefficient level in the water in less than one hour.

Many additional 500 ml jar tests were conducted on Hudson River sediments
in which only turbidity and frequently suspended solids were measured (6).
Some of these'are summarized in Table 5. It was found that sediment high in
volatile solids and in silt and clay caused high water turbidity and‘suspended
solids that did not settle quickly. The addition of a 20 mg/1 cationic
polymer or 100 to 180 mg/l of alum followed by 1.5 to 2.5 hrs. of settling
gave.turbidities (50 JTU, and suspended solids <50 mg/l. The rapid mix time
was usually 1 min., while the flocculation period was 4 min. For some sediments
the turbidity ceagulated, flocculated and settled with the aid of cationic
polymers in 15 minutes. For other sediments the flocculation period with
polymer was critical and a 1 minute rapid mix and 1 min. flocculation gave
pooref results than a 4 min. flocculation time when equal settling times of
13 to 2% hours were employed. About 20 different cationic and anionic polymers
were tested in various dosages and three cationics Drew floc 410, Nalco 7134
and Calgon Cat floc B were found most effective. The polymer had a cost of
30-40 ¢/1b. which was 5.0-6.6 ¢/1000 gal. at 20 mg/l.

In the jar tests, heavy metals were also measured and it was found that lead,
and occasionally chromium were high relative to the return water standard. For

some of the mucky sediments, iron was very high and caused a red color in the water.
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Full Scale Dredging Data

The N.Y.S. Department of Transportation hydraulic dredge shown in Figure
3 was monitored at 3 sites on the Upper Hudson-Lock 1, Bouy 212, and Lock 4.
The Lock 1 spoils lagoon was on a small island that had a fractured shale
bottom. The lagoon walls or dikes were also made of shale chips and sand.
For the first month of pumping at 20-24 cfs(34-41 cu m/min) into the lagoon,
there was almost no effluent over the spillway box leaving the lagoon. The
dredging water filtered through the dike walls and bottom and returned to the
river. This water was sampled on several occasions and found to have quite low
turbidity(< 20JTU).

The rocks settled in the influent end of the lagoon as shown in Figure
6, and the fines near the éffluent end of the lagoon. The lagoon retention
time was about 15 minuteg and some short circuiting of the effluent out the
typical box shown in Figure 6 occurred. As indicated in Table 6, the
combination of four factors-(A) 26% silt and clay in the sediment dredged,(B)
only 1% solids on the average pumped by the dredge,{(C) short retention time of
15 minutes and (D) 15 ppm of total PCB in the sediment keing pumped-resulted
in only 80% removal of suspended solids and 73% removal of PCB. When 15-20
mg/l of cationic poiymér was temporarily fed on the dredge, these removals
increased to 96% for suspended solids and 95% for PCB. However, with the short
retention time some of the flocculated sediment fines were flushed and scoured
out of the lagoon upon dredge start up.

The Bouy 212 spoils lagoon site was on a silty loam soil and had deep,
well compacted dikes near the river bank. There was much less percolation
here, Figure 7 shows a portion of the dikes with sediment accumulated and the

lagoon drained. Wood chips and sand were the dominant materials dredged.
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A drag line shown in the background was used to pull accumulated sediment out
of the lagoon so that its limited volume was not filled up with sediment.

As noted in Figure 8 an oil koom was used to retain the scum which was found
extremely high in PCB (18,000 ppm dry wt). The scum was partially removed by
raking it up onto the dikes. In the future a better scum removal system is
recommended. The sediment dredged had about 5%, the retention time was about
43 minutes and the sediment PCB was about 100 ppm. Cat floc B was fed on the
dredge most of the time. Typical removals were 99% for suspended solids and
PCB. The polymer cut the effluent suspended solids and PCB about in half as
noted in Table 6. For both sites it was likely that there was only akout a
5% increase in the downstream river concentration of PCB due to the dredging
return flow. Sampling of the river upstream and downstream of the dredge
indicated that the loss of sediment due to dredge head disturbance was minimal.
Additional discussions of these two sites (Lock 1 and Bouy 212)_are availakle
(6, 11, 12),

The Lock 4 spoils lagoon was alsoc on an island of fractured shale and there
was considerable seepage through fhe.bottom and sides which was observed to be
clear and have a turbidity of less than 20 JTU. Figures 9 and 10 show the Lock 4
site.which initially had 2 lagoons in series and 1éter 3 lagoons in series. The
last lagoon was long and narrow. It had brush and tall grass and roughly a 30

"minute retention at peak flow. An o0il boom was used to retain the scum which
developed Cat floc B at 20 mg/l was periodically fed on the dredge or to the
effluent box before the last lagoon. When the polymer was fed on the dredge,
turbidity and suspended solids values were usually cut in half, When polymer -
was fed at the last box, turbidity values were dramatically reduced to less

than 10 JITU as opposed to no polymer values of over 500 JIU.

- 219 -




It is felt that excellent flocculation and mixing occurred as the‘effluent.
passed through the long narrow channel with brﬁsh. In addition, the polymer
was not wasted by attachment to sand which settled in any event in the first
iagoon. Some preliminary data on Lock 4 is given in Takle 6. The PCB results
were not yet available.

It was also observed at this site that at a retention time of 15 minutes
or iess there was a flushing of fines out of the first lagoon upon dredge

start up. More details on the Lock 4 dredging and on intensive river

monitoring near the dredge head are availakle (13).
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Summary Indications

Bed Sediment:

The sediment from the Upper Hudson was typically a mix of wood chips,
organic debris, cinders, coal fragments, shale chips and sands, especially
in the main channel. The muck and silt deposits were generally along the
banks and occasionally very high in PCB. The PCB was not all in the fine
material, but also in the coarse material. Frequently the PCB concentrations
in the most contaminated cores were highest in the 3-8 inch(7.6-20 cm) layer
below the top.

Bed Load:

At Waterford, there was a good correlation between PCB and volatile
solids in the bed load. The bed load was a relatively small percentaée of the
total suspended ldad PCB transport. There appears to be an increase in the
wood chips, volatile solids and PCB in the bed load at Waterford from April
1976 to March 1977.A

Sediment-Water Interactions:

From jar tests simulating dredging, the partition coefficient between
soluble PCB in the water and in the sediment was 10° to 10°. This coefficient
increased as the water to sediment ratio increased. In Jar tests on various‘
Upper Hudson sediments, the reduction of turbidity and suspended solids in the
water resultedin reduction of PCB and heavy metals in the water. Cationic
polymers were effective in rapidly reducing the turbidity in the sediment
water mixtures.

Dredging Experience:

In summary, it was observed that the removals of turbidity and suspended
solids in the dredging water mixture was a function of lagoon retention time,
polymer feed and the nature of the sediment dredged (% silt and clay, and

% volatile solids). It was found that:
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l. A retention time of one hour in the spoils lagoon is the first
step of best practical treatment to assure at least 90% removal of suspended
solids. For coarse textured sediments with low % volatiles, the removals may
be greater. Jar tests on the sediment water mixtures of the sediments to ke
dredged are the simplest way of testing this in advénce for a given site. In
rivers such as the Hudson, which often have a velocity of 1 fps, the elutriate
test which measures only soluble pollutants, gives only part of the information
needed.
2. To achieve one hour flow through time as measured roughly by the
time from the addition of salt at the lagoon influent to the timé of the peak
of the conductivity at fhe lagoon effluent, one of several steps must ke taken.
A. The lagoon must be greatly oversized initially if no changes
‘in the lagoon are to be made duéing operation, or |
B. The lagoon must have sufficient depth so that the water level can
be periodically raised as the sediment fills in the lagoon
volume, or
C. Heavy equipment must be frequently used in the lagoon to remove
accumulated sediment.
3. Longer retention times (1 hr. to 18} hrs.) are encouraged and will
probably give suspended solids removals of 95-99%. At long retention times,
it is doubtful that the cost of the polymer will be worfh the results aéhieved.
4. 20 mg/} of cationic polymers, Nalco 7134, Cat floc B, and Drew floc 410
were found very effective in coagulating and flocculating turbidity in the
dredging lagoon. They were most beneficial in reducing suspended solids when
the retention time was less than 30 minutes. Retention times of 30-15 minutes
with polymer may achieve almost a good a removal of suspended as 1-2 hours with

no polymer. Retention times of less than 15 minutes frequently five suspended

solids removals of no greater than 80% and should be basis of shutdown of dredging

- 222 -




vntil changes are made. Upon drecge start-up at 15 mins. lagoon retention, there is
often a large flushing of sediment fines out of the lagoon.

5. The polymer is most effective when fed in the second stage of a
two-stage lagoon system. Good mixing and flocculation of the polymer is
essential to improve its effectiveness., Good mixing and flocculation is
sometimes difficult to achieve when the polymer is added between lagoons.

In such a case, it may be better to add the polymer on the dredge and
benefit from the mixing in the pipeline. Alum proved as effective as
cationic polymer in jar tests and is considerably cheaper. However, the
large volumes to be fed and sludge production are proklems with alum.

6. Chlorocarbons and PCB tend to concentrate in a scum or oil
layer wh;ch accumulates on the surface of some dredging lagocns. This scum
layer should be periodically removed from the top of the lagoon and buried or
disposed of properly. An o0il boom is the first stgﬁ to retain the scum, but
a method of removal such as a gravity scum drain-off must also be planned for
and built into the lagoon system.

7. Permeable sand or shale lagoon dikes provide very effective suspended
solids removal and will lengthen the retention time in the lagoon. However,

pollution of present or ptential well waters must be avoided.
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Table 1. HUDSON RIVER SAMPLES AND LOCATIONS
Date Date Visual
0ld Number Reanalyzed New Number Collected Access. Number Location and Mile Point Method Comment@
Bed Samples
11 PCB 113  3/17/76 11 PCB TO6 9/5/75%  See Table 2 Near Waterford- W. Bank,|} mile up- shovel silt, sand
stream from Alb, Co. Lipe M.P. 157.6
11 PCB 603  3/17/76 11 PCB 603 8/27/75 - Hudson Falls (V), upstream of Baker's
Falls Br,, M.P. 197.3, N.W. shore shovel org., sand
11 PCB 611 3/17/76 11 PCB 611  8/27/75 - Northumberlagd - N.E, shoreat Rte. 4
Br. - M.P. 183.5 hand org. silt
5363 3/17/76 11 PCB TO8  g/34/75 01691 Ft. Edward, west channel below rail- clay -
road bridge backhoe 2-4' deep
11 PCB 606  3/17/76 11 PCB TO7 8/27/75 See Table 2 Fort Edward,N.E. shore at D & H
' railroad bridge - 194,2 hand org, silt
*11 PCB TOl  2/24/76 00068, Rt. 4 bridge near Northumberland,
' See Table 2 M.P. 183.,5 dredge  sandy
i *11 PCB TO2 3/2/76 00072 Champlain canal at 200 yds so.of sandy with
0 Guard gate shovel  rocks
N
3]
( **%11 PCB TO3  3/10/76 02096 0.35 mile below Lock #1, M.P. 159.0 dredge
Boat sample in canal channel
11 PCB 150 3/9/76 01627 Off Rt. 29 bridge 100' from west sand & silt,
shore, Schuylerville, M.P. 181.2 dredge  dark
11 PCB 151  3/9/76 01628 3' off west bank at Fisherman's Rest silty. sand,
Marina, Saratoga (T), M.P. 177.4 shovel  dark
11 PCB 152 3/9/76 01629 Off shore at no. end of River Road
across from pk., Stillwater (T), dredge  sand, clean
M.P. 174.2
11 PCB 153 3/9/76 01630 From dock on Ferry Rd., 1200' north
: of Rt, 67 bridge, Stillwater (V), dredge  sand
M.P. 168.4
11 PCB 154  3/9/76 01631 From Mechanicville, Hemstreet Park
- bridge, M.P, 165,3 dredge sand




*Sample used for mixing studies witlu sediment,

**Centrifuge comparison samples.

**xSample used for a suspended solids vs turb. correlation.
@Unless otherwise noted, samples are the top 6-12" of sediment.

remove particulate

TABLE 1. - Continued
Date Date Visual
01d Number ReanalyzedNew Number Collected Access, Number Location and Mile Point Method Comment
11 PCB 155 3/9/76 01632 Off north end of Lock 1 Bullnose
Hal fmoon (T), M.P. 159.0 dredge silty sand
11 PCB 156  3/9/76 01633 5' off west shore 300' south of
bridge, Waterford (V), M.P. 156.5 shovel org. silt
11 PCB 801 3/17/16 - 9/30/75 See Table 2 Above Thompson Island dam,
M.P. 188.4 core See Table 2
BedLoad Samples 11 PCB T10 .
Z01  3/23/76 02257 Rt 197 East Bridge, Ft. Edward Bogardi Z10
. high flow T
202  3/23/76 02010 Rt 197 East Bridge, Ft, Edward " Angular
Rocks
© 203 3/23/76 02097 Rt 197 West Bridge, Ft. Edward " Z09
high flow
204  3/23/76 Rt 197 West Bridge, Ft. Edward " .
S Z05 3/24/76 02098 Rt 4 Bridge, Northumberland "
N
> 206  3/24/76 02099 Lock 5 Bridge, Schuylerville "
I
207  3/24/76 Rt 29, East Bridge, Schuylerville "
Z11
208 3/24/76 02100 Rt 29 Bridge, West, Schuylerville " high flow VY
\ ' ridge, high flow , Round roch
‘Water Samples 213,212 4/2/76 Waterford Bridge, hig ow , nd
arse
*11 PCB T04 3/15/76 01679 Corinth, Rt 197 bridge, WQSN site
M.P. 214.9 grab Turb.= 9
**11 PCB TO5 3/15/76 01950 Ft. Edward, city dock in village
. WQSN, M.P, 192.2 grab Turb.= 19
*Hx 01949 Same as above, centrifuged to
-- Turb.= 10




Table 1. Hudson River Samples and Locations

Date Access

New Number Collected No. Location
T

11PCBT100 5/5/16 Lo63 Section at Buoy 214, .5 mi downstream
(Buoy 214) from aerial cable.
11PCBT103 5/5/76 Lo6h Section 100 yds above Thompson Island
(TI Dam) Dam
11PCBT101 5/5/76 4065 Section at Buoy 200, 1000' North of
{Buoy 200) Criffin Island.

- ¢ -

#gSee Table 6

Method

dredge
dredge

dredge

Visual Comments

sandy¥*

silty sand*

sandy¥*




TABLE 2. SUMMARY SEDIMENT ANALYSES

iotal Wt
Size Fract. Wt % Volatile Floatable Extracted PCB-ppm
New No. Ass. No. mm on Sieve  Solids ¥ Solids ¥ Comments opm Total
11 PCB TO1 CO68 ° Total 100 6.0 9.0 62.5% solids 1029 20-40
dried 100°C +2.0 10.1 25.76 57.0 Bulk density increased
+1.18 12.1 9.33 27.5 i
+.595 37.6 5.94 9.8
+.420 17.2 1.59 o7
+.210 15.4 1.61 2.4
-.210 7.0 3.58 2.5
11 PCB TO1® 1680 +2.0 12.0 23.8 2227 36.9
Resample 1681 +1.18 12.1 34.4 2958 36.1
1682 +.59 32.1 12.7 862 41.1
dried 609C 1683 +.42 15.5 94 4.8%
1684 +.21 19.0 530 95.7%
1685 +.07% 7.1 1700 25.8%
1686 -.075 2.2 1680 35.55
11 PCB TO2 0072 Total 100 54-41% solids 7o =20 4.5-13
+2.0 70.0 1.68 3.4 TN =3
+1.18 17.0 .94 l.1 Ja '
+.595 7.1 2.63 6.6
+.21 3.2 4.66 7.2
-.21 2.6 2.76 3.1
11 PCB TQ3 02096 Total 100 24.0 18.0 45.9% solids 3.3
+1.18 Al Bulk density increased
+.42 24.0
+.18 263 [
-.15 40.7 Y
- o,
11 PCB T05 Total 100 4.1 12.2 60.5% sollds 70C 241 19.0%%
ForM=.2%
1690 +.42 13.5 14.0 Bulk density increased 4731 34.6
lsgo +13 50.2 2.7 greatly 818 8.45
075 28.4 3.9 . 1090 3.6
1687 -.073, 8.0 11.16 l . a0 10.
11 PGB TO? Total '100 6.3 7 35% solids /9C=77% 233w
Tor A8/
1749 +1.18 6.4 98 Bulk density increased 15500 671
1748 +.42 13.3 75 4 fold 11474 257
1747 +.1% 38.5 33 3449 127
1746 +.075 27.6 30% 210 87
Bed Load 1745 =-.073 12.2 30%* 5760 155
e a
203 02253 +.84 2.9 8.1 2230 13%.8
02252 .5 63.2 1.27 901 "13.3%
02231 ~e 2B 15.9 .12 7987 3.3%
zc8 02260 +.84 26.8 16.5 1536 65.7
02259 +.42 36.4 1.82 811 8.4
02258 -.42 36.8 .7 359 2.4

*Suspected to be high due to low test weight used.
#*1975 PCB analyses
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TABLE 2 (continued;. S3SUMMARY SEDIMENT ANALYSES
Size Fract. % Size Volatile Floatable PCB ppm  lot. Wt.
New No. mm <.074 mm Solids % Solids % Comments Total Ext. ppr
11 PCB 603 Total 8.9 14.3 63.6 4.8
11 PCB 611 2 14,1 9.9 68.6 Some wood chips 78.5
11 PCB TO8 " 50-G60 0 i 0.0 Clay 2 412
11 PCB 150 . 11.8 2.7 6.9 65.9% solids
11 PCB 151 " 24.3 9.0 4.6 69.4% solids .45
11 PCB 152 Y 4.8 1.1 0.2 Clean and dense sand , T7.6% S. .55
11 PCB 153 $ 10.0 350 13.4 Light, 62.9% sclids 5.2
11 PCB 154 " 11.0 2.9 10.8 65.8% solids 2:6
11 PCB 155 " 39.0 4.2 1.6 62.3% solids 2.35
: 11 PCB 156 = 55.9 5.4 2.8 Light, 50.3% solids 5.95
N .11 PCB 801 Relative Texture Depth
= 1 Total 8.1 15.4 Fine sand 1" 1356
! 2 " 9.4 17.3- Fine sand on 147
3 - 3.9 10.1 Fine sand 3" 3707
4 &t 2.2 5.0 Coarse sand, dark 4" 1833
5 " 13.:2 20.4 Silty sand, light o 1211
6 v 16.8 8.8 Silty sand, light 6" 617
7a " 565 9.1 Fine sand i 371
7b " 11.1 6.2 Silty sand
11 PCB 10 - Bed Load Samples:
Z01 - 02257 Total 5 - All sediment 14.3 449
Z02 - 02101 " 2.2 9.5 Some wood 36.5 3682
%82 - 02097 " 2 8.3 Sama black flat rocks 20-37 2205
. ' " 2 8.9 36.8 Similar to Z03 and d chi - -
205 - 02098 " ) 3.3 and wood CMIPS youos 8800
206 - 02099 " - 9.2 23.65 15029
208 - 02100 .. 3 5 2.5 Some black flat rocks and wood 22-3p 75
Z07 - . .9 Some wood chips )y
209 - 02933 & é ’ 34°3 342
49 - 838% . 18: 67.1 Many wood chips , son2 org. llEjf. e
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"TABLE 3 - SEDIMENT SIZE FRACTIONATED PCB DATA*
Size PCB Conc. ppm ppm of PCB in Total Sample

I.D. No. Fraction Wt. % 1221 1016 1254 Total 1221 1016 1254 Total
11 PCB TO1

0068 Total 100% 3.3 16.0 .5 19.8

1680 +2,0 mm 12.0 6.7 29 1.2 36.9 .804 3.48 .144 4.43

1681 +1.8 12.1 9.1 25.7 1.3 36.1 1.101 . 3.11 .157 4,37

1682 +.59 32.1 1.9 38 1.2 41.1 .610 12.20 .385 13.19

1683 +.42 15.5 <1 4,4 .4 4.85 .008 .68 .062 )

1684 +,27 19.0 ¢l - 5.0 .7 5.75 .010 .95 .133 1.09

1685 +.075 7.1 ¢l 25 .8 25.85 .004 1.77 .057 1.84

1686 -.075 2.2 <.l .31 4.5 35.55 .001 .68 -~ .099 .78

' 2.538 22.87 1.037 26.45

11 PCB T06

1690 +.42 mm 13.5 1.7 32, .9 34.6 .230 4,320 122 4,672

1689 +.15 50.2 c.l 8.0 .4 8.45 025 4,016 201 4.242

1688 +.075 28.4 1.2 2.2 .2 3.6 .341 625 .057 1.022

1687 -.07% 8.0 2.5 7.1 .7 10.3 .20 .568 .056 .824

.796 9.529 .436 10.760

11 PCB TO7

1749 +1.18 mm 6.4 75 580 16 671 4.80 37.12 1.02 42,94

1748 + .42 15.3 32 210 15 257 4.90 32.13 2.30 39.32

1747 + .15 ' 38.5 3.1 120 3.9 127 1.19 46.20 1.50 48.90

1746 +,075 . 27.6 13 69 5.0 87 3.59 19.04 1.38 24,01

1745 -.07% 12.2 49 100 5.9 155 5.98 12.20 .72 18.90

20.46 146.69 6.92 174,07

11. PCB T10-203

2253 +.84 mm 20.9 39 95 1.8 135.8 8.15 19.86 .37 28.38

2252 +.25 63.2 .1 13 0.3 13.3% .03 8.22 .19 8.44

2051 -.25 15.9 ¢l 2.3 1.0 3.35 .01 .37 .16 .53

8.19 28.45 .72 37.35

11 PCB T10-208

2260 t.84 mm 26.8 5.7 34 26 65.7 1.52 9.11 6.97 17.60

2299 +.42 36.4 1.1 4.4 2.9 8.4 .40 1.60 1.06 3.05

2258 -.42 36.8 <1 1.4 1.0 2.4 .02 .52 .37 .91

¥For T1.94 11.23 8.40 21.56

values ¢.1 ppm, .US ppm was used




TABLE 4

HUDSON RIVER BEDLOAD MOVEMENT

Approx. Total Total Total
Sample Flow- Bedload PCB PCB
Date No. Bridge on Hudson, Station cfs 1b/day ppm 1b/day
3/23/76 Z01 Fort Edward, East 230 904 14.3 .013
202 Fort Edward, East 150 407 36.5 .015
203~ Fort Edward, West 250 6,512 28.5 .371
Z04 Fort Edward, West 380 6,512
.399
3/24/76 205 Northumberland 9000 869 11 .010
206 Schuylerville, Lock 5 36 23.7 .001
z207 Schuylerville, East 170 1,309
Z08 Schuylerville, West 110 9000 12,595 26 .330
4/2/76 Z09 " Fort Edward, West 280 32,000 558,878 34,2 19.1
Z10 Fort Edward, East 230 60,654 27.5 1.67
Z11 Schuylerville, West 110 163,565 116.4 19.0
Z12 Waterford Bridge, 110 49,000 62,700 16.0 1.0
Z13 Waterford Bridge, 270 368,893 9.5 3.5
201
thru
3/11/77 249 Waterford Bridge, 260 18,500 1,070 39. .0418
and
3/14/77  z71, Waterford Bridge, 100,
z72. 470,260 54,100 86,318 6.1 .53
3/15/77 Waterford Bridge, 260,
470 62,100 183,538 30. 5.55
3/16/77 Waterford Bridge 260 45,700 14,976 4.81 .072
4/1/77 Waterford Bridge 260 21,500 8,269 80. .66
\\ 4
* Estimated
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Table 6

Summary of Dredging Results at 2 Sites

LOCK 1 BUOY 212 LOCK 4
LAGOON FLOW THRU TIME
TYPICAL, BY SALT TRACER 15 min. 45 min. 55 min.
LAGOON INFLUENT .
Average 7 solids 17 5% 3%
PCB in solids 15 ugl/g 100 ug/g
LAGOON EFFLUENT
Suspended solids, without polymer 2000 mg/1 500 mg/1 460
Suspended solids, with polymer 400 mg/1 250 mg/1 230, 20*
PCB, composite, without polymer 40 ug/l 100 ug/1
PCB, composite, with polymer 8 ug/l 50 ug/1
REMOVAL EFFICIENCIES .
Suspended solids, without polymer 80% 997% 98%
Suspended solids, with polymer 96% 99.5% 99, 99.9*%
PCB, without polymer 73% 98%
PCB, with polymer 95% 997%
SILT AND CLAY

Percent passing #200 sieve (average) 26% 5% 20-30%
*Polymer fed between lagoons '

Takle 5

Summary of Jar Test Results Using Typical Hudson River Sediments

- For For
Sediment lLocation . T Silt & Settling Times Chem. Coag-
& Concentration Float- Vola- Clay Z 1.5- 18 - ulation#*
ables % tiles & 2.5 hrs. 24 hrs. )

Turb. SS. Turb. SS. Turb. SS.
Schuylerville 9 6 2 1000 - 500 500 300 37 20
Ft. Miller 2 4 1 200 150 100 50 - -
Buoy 214-Ft,

Edward 2.7 2 11 800 450 500 200 45 20
Behind T.I. Dam 17.5 7 45 2500 1500 450 300 55 45
Stillwater 13.4 3 10 300 168 - - 32 5
Lock 1 in canal 18 24 26 1150 715 162 94 o- -
Waterford Bridge 2.8 5.4 54 675 462 170 150 37 30

* 2% hours settling
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Figure 1, Sieved Bed Sediment at Lock 1 Dredging Site, June 1976
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Figure 2 Sieved Bed Sediment at Bouy 212 Dredging Site, Oct. 1976
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Figure 3
New York State Dept. of Transportation
Hydraulic Cutterhead Dredge
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Figure 6 -

(Influent End)

Lock 1 Dredging Spils Lagoon, June 1976

(Effluent Box End)



Figure 7
Bouy 212 Dredging Spoils Lagoon
Showing Wood Chips and Sediment after Dewatering
October 1976
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Figure 9 - Aerial Photograph of Lock 4
Dredging Spoils Site
September, 1977
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Introduction

The following report concerns our ongoing efforts to use multiplate
sampling of macroinvertebrates for monitoring PCB (polychlorinated biphenyl)
contamination in the surface waters of New York State. This method shows great
promise for providing information not available from more conventional data,

and it may be applicable to studies of other environmental .contaminants.

Historical Development and Rationale

The severity of PCB contamination in the Hudson River has been well es-
tablished through fish and sediment data (Spagnoli and Skinner, 1975; Nadeau
and Davis, 19763 New York State Department of Environmental Conservation, 1976;
U.S. Environmental Protection Agency, 1977). While these data are of obvious
value in establishing the occurrence of PCB's in the river and its biota, they
leave some important questions unanswered. The sediment data cannot predict

the amount of contamination entering the food web or show the period(s) over

which the PCB's accumulated. Because fish are highly mobile and fairly long-lived,

it is difficult to know where and over what periods they assimilated these toxins.

Use of macroin?ertebrates as indicators does not entail such limitations.
Macroinvertebrates are part of the food web; and because they are relatively
immobile and have short life cycles, any PCB's they contain will have been
accumulated at a specific location and over a ielatively short time.

Functionally, macroinvertebrates éerve as an intermediate step in the food
web, obtaining nutriment from detritus, variousbplants, and small animals and
passing it on to larger animals, such as fish and waterfowl. In mucﬁ the same
way, they accumulate and transfer contaminants (such as chlorinated hydrocarbons)

and are integral to the well-known proceés of biomagnification.
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Sanders and Chandler (1972) have shown that aquatic invertebrates rapidly
accumulate PCB's to levels several thousand times that of the surrounding
water, When four species of aquatic insects were placed in water containing
1.1 to 2.8 parts per billion of Aroclor 1254, they accumulated between 5 and 30
parts per million.in their body tissues after only 4 days, represenfing magnifi-
cation factors of f;om 1,400 to 22,000, 1In a separate study, other immature
insects (mayflies) accumulated PCB's by a factor of 1,950 after the same exposure
period (Sadérgren and Svenson, 1973). This demonstrated ability to rapidly con-
centrate PCB's makes aquatic invertebrates valuable for monitoring surface
water contamination. Since aquatic invertebrates are the mainstay in the diet
of many fish, this approach will also monitor the approximate levels of contamina-
tion in fish_food.- This is particularly significant because food seems to be
the main source of organochlorines (including PCB's) to fish (Addison, 1976).

Artificial substrate samplers have become popular in biological monitoring
because they are ;elatiQély easy to_use in most aquatic habitats and because
' théy stahdardize_séveral jmportdnt sampling variables, including surface area
and substrate type (Béak et al., 1973; Weber, 1973). - They are of additional
value in monitoring toxic.substances, since they can obtain samples from the
watér columh,:fo; which data are often lacking. Samples collected in this
mannef not only'céh concentrate steady low levels, which are generally not
detectable in grab_watér~samples; they also will integrate intermittently high

levels‘thatjdela.otherwise require continuous chemical monitoring.

Brief Description 6%-Sfudy,Area

The investiéation reported here was carried out in the main stem of the
Hudson R1ver from the v1llage of Hudson Falls (mileage point 195) to Staatsburg

(mep. 85). In the short (4 miles) reach from Hudson Falls to Fort Edward
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the river is largely unregulated, generally flowing through a series on nontur-
bulent pools and shallow riffle areas. Moderate to heavy amounts of organic
poliution (mainly treated sewage and paper mill wastes) enter the river at
numerous intervals from Glens Falls to Fort Edward. Until May 1977 two major
point sources of PCB's also entered the river in this reach.

From Fort Edward (mep. 191) to Troy (m.p._153).the river is used as part
of the Champlain Canal and basically consists of a series of steplike navigation
pools. Eight dams are used to regulate the height of the pools, and the méin
channel is dredged periodically to maintain the minimum width and depth
requirements for navigation.

From quy south (the Lower Hudson) the river is unregulated and is a true
estuary: the river bed is below sea level, and a tidal rise and fall of abéut
4 feet is observed at the Troy dam. From Troy to Poughkeepsie (m.p. 70) the
water is mainly fresh (limnetic zone). The oligohaline zone extends from
Poughkeepsie to Haverstraw Bay (m.p. 30), where salinity generally ranges between
50 and 200 mg/1 of Cl~. From that point to the mouth salinity varies from 200

‘to 2000 mg/1 of C17, and the river is termed mesohaline (Howells, 1972).

Methods

A pilot project was undertaken in 1976 to determine the feasibility of
using multiple (a type of artifical substrate) samplers- to monitor PCB's in the
water column of fhe Hudson River. The initial sampling network (Table I)
consisted of 13 stations at 3-20-mile intervals between Hudson Falls and
Staatsburg. Stations 1 and 3 were controls, located upstream from the knéwn
point discharges of PCB's in.the Hudson River and Champlain Canal, respectively.
The reﬁaining stations were all below the discharges. Station 2 wés in the
"natural" river; statiohs 4-8, in the canalized Upper Hudsbn; and stations 9-13,

in the limnetic zone of the Lower Hudson.
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Because the resu}ts from 1976 were promising, the project was continued in
1977. Stations 14-16 were added, extending the sampling network into Haverstraw
Bay, and station 3 (Champlain Canal) was dropped.

Samples were obtained by exposing hardboard artificial substrates for
periods of 4-5 weeks. 1In 1976, they were installed in mid-May (12-17) and
harvested approximately 4 weeks later (June 6-10). Subsequent collections were
made at 5-week intervals (July 13-17; August 17-20; September 21-23). During
1977,jsamp1ers were installed on June 6-9 and Harvested July 11-14, August
15-18, and September 19-22. At the time of this writing, only the results from
the August surVey were available.

The actuai sampling device was modified slightly from that originally
described by Hester and Dendy (1962). Each sampler consisted of 10 plates of
tempered hardboard (smooth on both sides), 6-inches (15.2-cm) square and 1/8-
inch (0.3-cm) thick, mounted on a stainless steel turnbuckle. Plates 1-5
(counting from the top) were separated by hardboard spacers l-inch (2.5-cm)
square and 1/8-inch (0.3 cm) thick; plates 5-10, by spacers l-inch square and
1/4-inch (0.6-cm) thick.

Two samplers were installed at each station.. Atkstationsrl-3 each sampler
was suspended 3 feet (0.9 m) below the water surface from a half-gallon
ponethylene float filled with étyrofoam packing material. A 4" x 8" x 16"
cement block rested on the bottom and served as the anchor. At the remaining
stations the samplers were suspended from navigation buoys at the same depth;

a brick attached to the bottom of each unit provided some stabilization against
the current. All connections were made with 1/8—inch plastic-coated cable,
secured with cable clamps. Brass swivel snaps were used between the cable

and sampler to facilitate removal and replacement of the samplers.

Several precautions were taken to reduce the contamination of thé samples
during hafvesting. In particular, contact of the samples with paints and

plastics was avoided, since these materials often contain PCB's (Bonner, 19763
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Peakall, 1975). In the laboratory all processing materials, ihcluding l4-quart
galvanized steel buckets, wide-blade steel spatulas, and l-quart glass jars,
were washed with acetone, then rinsed with distilled water. A square of
aluminum foil was placed over each jar before capping in order to prevent
contamination from the paint and/or rubber gaskets on the jar lids. In the
field, the exposed sampler was placed in a bucket, disassembled, and thoroughly
cleaned by scraping off each plate with a wide-blade spatula. The slurry was
then poured in a sample jar, which was placed on ice and returned to the
laboratory for analysis.

In the laboratory, a portion of each sample was retained for identification
of the organisms, and the remainder was submitted for chemical analysis. Orig-
inally we had intended to pick the organisms from the residue and have them
analyzed separately. However, the fauna of the Hudson (especially near Fort
Edward) is impaired by numerous industrial and municipal wastes and consists
mainly of chironomid midges and oligochaete worms (Simpson, 1976). These
organisms are so small that 10,000 to 15,000 individuals would be required to
providé sufficient biomass for chemical analysis. To expedite the evaluation
6f this technique, the total residue from the samplers was analyzed. Less

stressed rivers support a more diverse fauna, including relatively large

organisms such as mayfly nymphs (Ephemeroptera) and caddisfly larvae (Trichoptera).

Under those conditions; obtaining sufficient biomass for analysis would be much
less of a problem.

To prepare the samples for chemical analysis, they were first filtered
under suction on No. 41 Whatman filter paper. The retained solids were trans-
ferred to a soxhlet extraction thimble and extracted with acetone/hexane, 2:1
for 2 hours, then 1:1 overnight (16 hours).h The residual material was dried

at 70°C for 2 days and weighed to determine the dry weight of the sample. The
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two extracts were combined in a separatory funnel, and the lower aqueous 'phase
was drawn off and reextracted with hexane in another separatory funnel. The
combined hexane layers were dried over sodium sulfate and diVided into two equal
portions. One portion was evaporated to dryness (70°C for 2 days) and Weighed
to give the hexane-extractable fat content (this step was initiated in September
1976). The remainder was concentrated to 2 ml in a Kuderna-Danish evaporator,
cleaned up by passage down a calibrated column of 2% deactivated Florisil
(10 g; 1-cm diameter), overlaid with anhydrous sodium sulfate. A 40-ml fraction
eluted with hexane was collected, evaporated to 1.5 ml, and analyzed with a
Hewlett-Packard 5840A gas chromatograph with a 63Ni detector. The column
consistgd of 1% Apiezon L (purified by eluting it from activated alumina with
hexane and collecting the colorless fraction) on 110-120-mesh Gaschrome Q.

The quantity of PCB's in the sample was determined by measuring the areas
of the peaks observed and dividing them by the peak areas of standard mixtures
‘of Aroclor 1016 and 1242, The means of these results were usedlto calculate

the quantity of PCB's per dry weight of material (Bush et al., 1975).

Results and Discussion

One of the prime concerns at the outset of this study was possible con-
tamination of the samples from the sampling apparatus, particularly from the
hardboard plates. Results from the two control stations fanged from 0.1 to 1.0
ppm:(Table I) and indicated that contamination from the sampling method was
minimal. Some PCB's were expected, since some contamination of the river
sediments has been found in the area above the point discharges (N.Y. State
Department of Environmental Conservation, 1976). To eliminate any possibility
of contaminated hardboard, chemically inert porcelain plates could be used

in constfucting the multiplate samplers,
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The results generated to date are providing an insight into the spatial
and tehporal distribution patterns of PCB's in'the water column of the Hudson.
During all sampling periods for which data a;e available, consistently higher
concentrations have been found in the canalized portion of the Upper Hudson than
elsewhere in the river (Table II). This is not surprising, since.it is in
this reach that the highest levels have been found in fish and sediments.
Although PCB's are no longer being Qischarged by the General Electric facilities,
substantial amounts are probably finding their way into the water from highly
contaminated sediments. Concentrations as high as 3,707 ppm have been found
in sediments accumulated behind the dams of the Upper Hudson (N.Y. State
Department of Environmental Conservation, 1976).

Contémination of theziower Hudson River, while less severe, was well above
background levels. In June, July, and August 1976 all stations yielded PCB's in
excess of 6 times background levels (Table II). The 100-year flood, which
occurred . in the spring‘of 1976, may have significantly increased the passage of
PCB's from the_upper to the lower river by resuspending and transporting
PCB-laden sediments downstream. The Lower Hudson also receives contamination
from a variety of other sources, such as the Mohawk River, various municipal
and industrial outlets, and runoff (particularly leachates from landfills).

To this point we have considered the results expressed in parts per
million per unit dry weight of the residue. Clayton et al. (1977) have shown,
however, thatllipid content is highly correlated with the PCB levels in marine
invertebrates,_and they contend that lipid content is the most meaningful
normalization parameter for quantification of PCB results. Beginning in
September 1976 we determined lipid content of the samples and thus have been

able to normalize the results (Table III, Fig. 1)
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The normalized data iead to the same general conclusion as the nonnormalized
resulfs, namely, that the greatest contamination is occurring in the canalized
portion of the Upper Hudson. However, the two normalized profiles (Fig. 1) show
a much more cénsistent pattern than the same data expressed per unit dry weight
(Fig. 2). 1In both normalized curves, PCB concentrations progressively
increase from the control station to Schuylerville, decrease slightly at Still-
water, -then peak at Waterford and gradually diminish downstream. The disparity
of the nonnormalized data is apparent in the reach from Fort Edward to Stillwater.
In one profile there is a progressive decrease to Stillwater; in the otﬁer,

a steady increase. The consistency of the normalized data confirm that this is
a more reliable method of expressing the results.

The normalized data also show an interesting temporal change. The August
1977 profile is smoother, with Upper Hudson levels lower and Lower Hudson levels
higher tﬁan in 1976. This suggests that PCB's are becoming more widely and
evenly distributéd throughout the river, although we do not know how much of
this is attributable to the intervening 100-year flood. The hypothesis of a
steady trend in_this redistribution will be tested and reevaluated with data
from additional surveys.

The results presented above are providing valuable information supplemental
té fish and sediment data in the total assessment of PCB contamination in the
Hudson River. Collection' of aquatic invertebrates with artificial substrates
will be continued to help evaluate the spatial and temporal distribution of

PCB's throughout the river,

Summary and Conclusions

1. Multiplate samples are proving to be an effective means of monitoring
PCB contamination in the water column of the Hudson River.

2. Results normalized to lipid content are more consistent than those
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expressed per unit dry weight of residue.

3. Even with the abatement of the main point discharges.in Fort Edward,
PCB contamination is a continuing problem in Hudson River water. Concentrations
are highest in the canalized Upper Hudson but seem to be becoming more evenly

distributed throughout the river with the passage of time,
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Table I. Total PCB content of Multiplate Sample§ from Hudspn River, New York
(expressed as ppm PCB/dry weight of total residue).

4 Miles .
Station Location from mouth June 1976 July 1976 Aug 1976 Sept 1976 Aug 1977
%1 Hudson Falls, 197 0.4 0.6 - 0.5 1.0 0.1
.near Chase Bag Co.
2 Ft. Edward, near 195 6.2 7.4 3.3 2.2 2.6
Rt. 197 bridge
%3 Champlain Canal 195 - 0.3 0.2 0.2 -
Ft. Edward ]
4 Ft. Edward, 194 25.4 57.0 - 9.2 2.8
buoy 219 . .
5 Ft. Miller, 189 25.5 18.3 - 18.8 4.1
buoy 189 :
6 Schuylerville, 182 12.5 12.4 - 11.8 8.9
: buoy 147 i
7 stillwater, 169  23.8 - - 9.0 10.8
“ buoy 81
8 Waterford, 158 5.6 12.0 - 13.9 5.2
bUOY 13 4
9 Troy, buoy 79 153 3.3 - 2.8 6.4 2.4
10 Castleton, buoy 53 136 4.9 10.5 200.0 11.0 2.8
11 Athens, buoy 88 116 2.6 5.0 9.0 0.0 3.4
12 Saugerties, 102 3.2 11.0 4.5 1.0 -
buoy 39
13 Esopus, buoy 9 87 - - - 0.7 1.6
14  New Hamburg, 67 - - - - 1.4
Diamond Reef buoy
15 Peekskill, buoy 19 43 - - - - 0.8

. * Controls, upstream from the known point sources of PCB's.
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Table II. Ranges of PCB concentrations for Upper and Lower Hudson Rivers compared
with background levels (expressed as ppm PCB/dry weight of total residue).

Background Canalized Upper Hudson Lower Hudson
Date (stations 1 s&/or 3) (stations 4-8) (stations 9-13)
June 1976 0.4 5.6-25.4 2.6- 4.9
July 1976 _ 0.3-0.6 12.0-57.0 5.0-11.0
August 1976 0.2-0.5 no data 2.8-200.0
September 1976 0.2-1.0 9.0-18.8 0.0-11.0
*August 1977 0.1 2.8-10.8 . 0.8- 3.4

*Inclndea stations 14 and 15, added in 1977.
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Table III, Multlplate PCB results normalized to lipid content (expressed as
ppm PCB/mg lipids). :
Miles
Station Location from mouth Sept. 1976 Aug. 1977
ﬁ'l Hudson Falls, near 197 0.055 0.005
Chase Bag Co.
2 Ft. Edward, near 195 0.088 0.100
Rt. 197 bridge
A3 Champlain Canal 195 - -
Ft. Edward
4 Ft. Edward, 194 0.186 0.095
buoy 219
5 Ft. Miller, 189 0.640 0.323
buoy 189
6 Schuylerville, 182 1.050 0.419
buoy 147
7 Stillwater, 169 0.800 0.228
buoy 81
8 Waterford, 158 1.150 0.589
buoy 13
9 Troy, buoy 79 153 0.820 0.383
10 Castleton, buoy 53 136 0.360 0.191
11 Athens, buoy 88 116 0.000 0.138
12 Saugerties, 102 0.020 -
buoy 39
13 Esopus, buoy 9 87 0.010 0.176
14 New Hamburg, Diamond 67 - 0.133
Reef buoy
15 Peekskill, buoy 19 43 - 0.058
* Controls, located upstream from the known point sources of PCB's.




- HUDSON RIVER MULTIPLATE RESIDUES

"NORMALIZED" PCB RESULTS
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PCB CONCENTRATIONS IN MULTIPLATE RESIDUES :

NEW YORK

FROM THE HUDSON RIVER,
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RESEARCH PROGRESS ON REMOVAL OR TREATMENT OF PCB
' IN HUDSON RIVER SEDIMENT

BY: PM Griffen, AR Sears, CM McFarland

INTRODUCTION

An agreement signed with New York State in September 1976 stated that General
Electric would conduct research and pilot plant studies on the removal or treatment
of PCBs in sediments dredged from the Hudson River by the Department of Environmental
Conservation. The agreement also stated that physical, chemical, and biological
techniques should be considered.

Initial evaluations of the environmental situation revealed that PCBs have
diffusely infiltrated into river sediments and large organic debris at the bottom
of a high velocity region of the river. Due to this physical situation, in situ
treatment approaches that require periodic additions, mechanical mixing, and subse-
quent reactant retrieval appear impractical. Consequently, GE investigators have
concentrated on studies to minimize the quantity of material to be removed, maxi-
mize  the effectiveness of controlled landfills, and demonstrate the usefulness of
several separation, encapsulation, and destruction approaches.

Preliminary results have been encouraging. Rapid analytical procedures have
been developed to reduce sample turnaround time from 24 hours to less than 2 hours
thereby providing closer control over dredging operations. Indications of rapid
PCB vaporization from spoil banks are being investigated, and the phenomena is being
quantified under controlled laboratory conditions in appartus specifically designed
for that purpose. Preparations have been completed for prototype investigations of
distillation, excess air incineration, and limited air incineration on a 36 inch
multiple hearth furnace with a high temperature after burner. Significant gains have
been made in locating and culturing microbes which degrade the lower chlorinated
bipheny1s (Tess than 4 chlorines). To date, 15 different strains have been positive]y'
identified. They are currently beihg studied for nutrient, pH, and symbiotic re-
quirements.
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DISCUSSION

Aroclors 1016 and 1242 make up more than 85% of the PCBs found in Hudson River
sediments below the General Electric Manufacturing facilities in Fort Edward down
to the Troy dam. Concentrations of these Aroclors generally range from non-detect-
able to 100 parts per million(ppm) at depths of less than six inches. Deposits
going as high as 1000 to 1500 ppm have been found but are contained in relatively
small regions of the river. The cumulative effects of these sediment concentrations
on aquatic life have not been resolved, nor has the movement of the PCB infiltrated
sediments been scientifically predicted. (Both problems are currently under study
by the NYS Department of Environmental Conservation). Consequently, the minimum
allowable level permitted to remain in the river sediments has not been determined,
the location of principal PCB deposits has not been established, and therefore, it
has not been possible to calculate the total sediment volume to be removed. (Much
of these data should be available by the end of 1977).

Pertinent characteristics of both the principal chlorinated biphenyls and the

Hudson River bottom material are given in Tables I_and_II.

TABLE 1
Specifications of Aroclor 1016/1242

Ch]orine content

Specific gravity

Distillation range
Evaporation loss (neat)
Decomposition temperature
Solubility in water
Solubility in organic solvents

Approximate]yA42% by weight
1.38 - 1.39 at 25°C

325 - 366°C

0 - 0.4% at 100°C for 6 hours
600°C or less

Less than 100 ppb

Soluble
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TABLE II
Specifications of Hudson River Sediments at Fort Edward

Organic content ' 10 to 30% by dry weight
Size distribution and composition >6" organic rubble through fine clays
Maximum incineration temperature
(clinker formation) 1200°C
PCB affinity vs size Approximately equal amounts of PCB
are found on all size fractions
Water content in settled solids 30 to 60%

Some information has been obtained regarding the problems of removing
chemically infiltrated sediments and controlling their disposal. It was gained as a
result of extensive dredging necessitated by the redeposition of large quantities of
sediment from the region of the old Fort Edward dam (removed in 1973) to the Champlain
shipping channel and the Eést‘channe] at Fort Edward. About 800,000 cubic yards have
been dredged to date by the Department of Transportation and placed in landfills along
the river bank. In parallel, the NYS DEC availed itself of the opportunity to develop
an approach for rapidly remov1ng PCB from generated dredge waste water. Their ap-
proach, using flocculation and subsequent settling of suspended solids, reduced the
total PCB concentration in the dredgate to a level of less than 50 parts per billion
(ppb) prior to its return to the river. The concentration of PCB in the settled,
dredged sediment appeared to average less than 30 ppm and has not presented a major
leaching problem even from landfills with minimum control.

With these data and observations for background, NYS DEC has developed a pro-
gram which addresses the fo110w1ng

1. Determination of toxicity, amount, and location of PCB in river.

2. Postulation of s1gn1f1cant ecological effects due to existing
PCBs in the river and those which could be generated due to
their removal for land storage.

3. Development of dredging techniques for the selective removal
of material. _

4. Generation of a model regarding PCB dissipation pathways from
landfills so that storage facilities can be properly designed.

5. Selection and implementation of separation or destruction tech-
niques if landfills cannot be properly constructed or maintained
for safe and economical disposal of PCB infiltrated sediments.
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General Electric's research program is aimed basically at Task 5 with areas of
study selected from the Tist shown in Table III.

TABLE III
Possible Methods of Functional Treatment or Removal of PCB from Sediments
Approach Techniques

Controlled storage ‘-Lagoons, pits, tanks, etc.

Fixation or Encapsulation -Portland cement or polymer binder on dewatered
sediments

Separation* -Selective transfer and subsequent absorption
direct from sediments to an activated carbon
scavenger

Filtration, flocculation, and clarification of
suspended solids from supernatant

Distillation and solvent extraction from
settled sediments

Plant and animal uptake from settled sediments

Destruction -Incineration under either excess or controlled
air conditions

Chemical decomposition
Enhanced microbial biodegradation
Photodegradation
Natural Dissipation -Vaporization
' Leaching
Physical transport
Natural biodegradation

*Each of these approaches must be combined with storage or destructive techniques
to accomplish an acceptable disposal.

A prime factor in the selection of a specific research approach was the necessity
to couple with current river sediment extraction techniques. Since the technology of
dredging today is based upon a long-term evolution of equipment designs for removing
large quantities of sediments in the shortest possible time and lowest cost, selec-
tivity or precision of removal has not been an important factor. Now, with attention
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being directed towards retrieval of specific materials from water bodies followed by
the disposal of the extracted material, selectivity has acquired a much higher priority.

Without the ability to remove specific material, large quantities of "clean"
sediment will be unnecessarily processed at an undue cost in time and money. The
reasons for poor precision are many. They include inadequate mapping, sediment in-
stability, and the inability of the dredge operator to detect the boundaries of the
deposit.

General Electric has been able to have an impact on this situation by developing
analytical techniques that will provide data on PCB concentrations in the sediments
while the dredging operation is in progress.

Once the sediment has been determined to contain higher than acceptable levels
of PCB, it can be transported to previously prepared controlled storage areas. With-
in these storage areas, the forces of nature will act to slowly degrade or dissipate
PCBs through natural microbial action, soil chemistry, volatilization, leaching,
photodegradation, and physical transport by erosion or terrestrial animals. Some of
these pathways can be controlled by dredge site design. Those which are not properly
understood are under investigation by DEC, subcontractors for DEC, and General
Electric.

Decisions will be made in late 1977 or early 1978 as to what must be done to PCB
infiltrated sediments contained in controlled landfills. If PCB removal or treatment
is deemed necessary, by the State, the results of General Electric's investigations
will be utilized.

'PRELIMINARY CONCLUSIONS

PCBs have become diffusely distributed to the environment from point sources
all over the world. Retrieval of these chemicals is technically feasible although
extremely expensive. If future studies of ecological effects show evidence that
outweighs the economic issue, then methodologies such as rapid detection, selective
removal, controlled storage, incineration, and biodegradation will become highly

developed and the every day tools of the environmental engineer.
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\
Effects of Keponggjon Estuarine Organismsl
David J. Hansen, DelWayne R. Nimmo, Steven C. Schimmel,
Gerald E. Walsh and Alfred J. Wilson, Jr.
U.S. Environmental Protection Agency
Environmental Research Laboratory

Gulf Breeze, Florida 32561
ABSTRACT

Laboratory toxicity tests were conducted to deeermine the effect of
Kepone on and its accumulation by estuarine algae, moliusks, crustaceans,
and fishes. Nominal Kepone concentrations calculated to decrease algal
growth by 50 percent in static bioassays lasting seven days were: 350 ug/%,

Chlorococcum sp.; 580 ug/g, Dunaliella tertiolecta; 600 yg/g, Nitzschia

sp.; and 600 ug/%, Thalassiosira pseudonana. Measured Kepone concentra-

tions calculated to cause 50 percent mortality in flowing-seawater
toxicity tests lasting 96 hours were: 10 ug/% for the mysid shrimp

(Mysidopsis bahia); 120 ug/% for the grass shrimp (Palaemonetes pugio);

>210 ug/% for the blue crab (Callinectes sapidus); 70 yg/g for the

sheepshead minnow (Cyprinodon variegatus); and 6.6 yg/p for the spot

(Leiostomus xanthurus). Bioconcentration factors (concentration in

-Kgiegistered trademark, Allied Chemical Corporation, 40 Rector Street,
New Yotk, New York 10006. Kepone was purchased from Chem Service, West
Chester, PA as 997 pure. Our analyses indicated 887 purity.

'l/Contribution No. 311, Environmental Research Laboratory, Gulf Breeze.
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whole animals divided by concentration measured in water) in these tests
were greatest for fishes (950 to 1,900) and less for grass shrimp 420 to
930.
Survival, growth, and reproduction of mysids and sheepshead minnows
were decreased in chronic bioassays lasting 14 to 64 days. Growth of mysids
_ ané sheepshead minnows was reduced by exposure to 0.07 ug/g and 0.08 ug/g
respectively. Bioconcentration factors for sheepshead minnows in the chronic
bioassay averaged 5,200 (range 3,100 to 7,000) for adults exposed for 28 days
and 7,200 (3,600 to 20,000) for juveniles exposed for 36 days. The chronic
toxicity and bioconcentration potential of Kepone are more important factors
than its acute toxicity in laboratory evaluations of environmental hazard.
Therefore, these factors should be considered when attempting to assess
present impacts and attempting to limit future impacts of this insecticide
on the équatic environment.
INTRdDUCTION

Kepone (decachlorooctahydro-1,3,4-metheno-2H-cylobuta [cd] pentalene
2-one) is an insecticide that was manufactured and formulated in the United
States to control ants, cockroaches and insect pests of potatoes and bananas.
Kepone is toxic to birds and mammals including man (Jaeger, 1976) and acutely
toxic to some estuarine organisms (Butler, 1963). Recent contamination of
water, sediment, and biota in freshwater and estuarine portions of the James
River, Virginia has stimulated concern about this chemical's hazard to
aquatic biota (Hansen et al., 1976). This concern was based on (1) the con-
tinued occurrence of Kepone in many finfishes and shellfishes in amounts
that forced closure of fishing because of potential human health hazard and
(2) laboratofy studies which showed that Kepone is highly bioaccumulative and
toxic to estuarine organisms, particularly in chronic exposures. This paper
describes the results of these laboratory toxicity tests with estuarine algae,

oysters, crustaceans, and fishes and chronic tests with a crustacean and a fish.
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Experimental Procedures

Acute Toxicity

Algae: The unicellular algae Chlorococcum sp., Dunaliella tertiolecta,

Nitzschia sp., and Thalassiosira pseudonana were exposed to Kepone for seven

days to determine its effect on growth (Walsh et al., In press). Algae were
cultured in 25 or 50 ml of growth media and artificial seawater of 30 o/oo
salinity and a temperature of 20°¢ (Hollister et al., 1975). Kepone, in 0.1
m]l acetone, was added to culture media and 0.1 ml of acetone was added to
control cultures. Photoperiod consisted of 12 hours dark and 12 hours of
5000 lux illumination. Effect on growth was determined by electrophoto-
metrically measuring optical density. Also, algae grown for 6 days in media
and then exposed to lOb ug/ % Kepone for 24 hours were analyzed for Kepone

content.

Oysters: The acute toxicity of Kepone to embryos of the eastern oyster

(Crassostrea virginica) was determined by measuring its effect on develop-

ment of fully-shelled, straight-hinged veligers in a 48 hour static expo-
surel/. Methods used were those of Woelke (1972) and U.S. EPA (1975). Test
cdntainers were 1-f glass jars that contained 900 mg of ZOOC, 20 0/oo
salinity seawater and 25,000 * 1,000 oyster embryos. All test concentra-
tions were triplicated. The numbef of normal and abnormal embryos were
counted microscopically in a Sedgewick-Rafter cell at the end of 48 hours

of exposure to Kepone.

Crustaceans and Fishes: The acute toxicity of Kepone to grass shrimp

(Palaemonetes pugio), blue crabs (Callinectes sapidus), sheepshead minnows

(Cyprinodon variegatus), and spot (Leiostomus xanthurus) was determined in

1/

—~'This research was performed under an EPA contract by Mr. Tom Heitmuller,

Bionomics-EG&G, Inc. Marine Research Laboratory, Pensacola, Florida 32507.
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96-hour flow-through toxicity tests (Schimmel and Wilson, In press). Accli-
mation and testing procedures were compatible with those of Standard Methods
(A.P.H.A., 1971). Test animals were caught locally and 20 were placed in
each 18¢ aquarium. Water flow to each aquarium was 68 %/hour. Stock solu-
tipns of Kepone in acetone were metered into experimental aquaria at the
rate of 60 mg/hour. Control aquaria received 60 mg of acetone/hour. At

the end of the experiment, surviving animals were chemically analyzed for
Kepone content.

The acute toxicity of Kepone to mysids (Mysidopsis bahia) was determined

by using intermittent flows of water from a diluter (Mount and Brungs, 1967)
or continuous flow of water from a siphon and Kepone from an infusion pump
(Bahner et al., 1975). Thirty-two 48-hour-old juvenile mysids were placed in
chambers (4 mysids per chamber), in each test aquarium. Chambers con-

sisted of glass petri dishes to which a 15 cm. tall cylinder of 210y mesh
nylon screen was glued. Water in the chambers was renewed by a self-
starting siphon which nearly emptied and then filled each aquarium at

about 25 min. intervals.

Chronic Toxicity

Mysidopsis bahia: The chronic toxicity of Kepone to this mysid was deter-

mined in 19-day ekposures that began with 48-hour-old juveniles. (Nimmo

et al., In press). This permitted time for production of several broods

for assessment of reproductive success and survival of progeny. Exposure
conditions, apparatus, and number of mysids per concentration were identical
to those of the acute toxicity tests. Three tests were conducted; one to
assess effects on survival and reproduction and two, at lower concentra-

tions, to determine effects on growth. Data from the two growth experiments

. were pooled for statistical analysis.




Cyprinodon variegatus: The chronic toxicity of Kepone to sheepshead minnows

was determined in a 64-day flow-through bioassayj 28-day adult exposure
followed by a 36-day exposure of their progeny (Hansen, et al., In press).
We delivered Kepone, 0.0088 uf of the solvent triethylene glycol, and 1.5% of
filtered 30°C seawater (average salinity 15 O/oo; (range, 8-26 o/oo) to each
704 aquarium during each of 440 daily cycles of the dosing apparatus of Schimmel
et al. (1974). Seawater and solvent were delivered to the control aquarium.
Thirty-two adult females and 32 adult males were exposed to each concentration
of Kepone for 28 days. Egg production was enhanced using injections of 50
international units of human chorionic gonadotrophic hormone on exposure
day 25 and 27 (Schimmel et al., 1974). Eggs were fertilized on day 28 and
placed in chambers, glass petri dishes with 9-cm tall cylinders of 450p
nylon mesh.. Twenty embryos were used in each chamber. Embryos from control
fish were placed in four chambers in the control aquaria and in four chambers
in each of the six aquaria receiving Kepone. Embryos from fish in each of
the six aquaria receiving Kepone were placed in four chambers in that aquarium
and in four chambers in the control aquarium. Water in the chambers was
exchanged by the action of a self-starting siphon in each aquarium that caused‘
water levels to fluctuate 5 cm about 40 times per day. In the 36-day exposure
to determine Kepone's effect on survival and growth of progeny, embryos hatched,
and fry grew until they were juvenile fish. Kepone content of adult fish, their
eggs, and juvenile fish was determined.
Statistical Analyses

Probit analyses of growth and mortality data were used to determine EC50's
and LC50's. Growth data for M. bahia were subjected to analysis of variance
(o = 0.05) and for C. variegatus, analysis of covariance and Newman-Kuels

tests (g = O.Ql) was used.
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Chemical Analyses

Water from acute and chronic tests with crustaceahs and fishes, and
organisms surviving these tests, were analyzed by gas chromatography.
Methods of extraction concentration, cleanup, and quantification were
described by Schimmél and Wiison (In press).

Results and Discussion

Acute Toxicity

Algae: Growth of marine unicellular algae was reduced by exposure to

Kepone in static tests (Table 1). Chlorococcum was the most sensitive

of the four algae tested with a 7-day EC50 of 350 ng/%. The three less
sensitive species responded similarly to Kepone with overlapping confidence
limits for EC50's. Algae exposed to 100 pg Kepone/ 2 of media accumulated

the chemical with Chlorococcum containing 0.80 ug/g; D. tertiolecta, 0.23

ug/g; Nitzschia, 0.41 pg/g; and T. pseudonana, 0.52 ug/g. Butler (1963)
reported that when estuarine phytoplankton were exposed to 1,000 ug/g

carbon fixation was reduced by 95 percent.

Oysters: The 48-hr EC50 for oyster larvae in static tests was less than

those of algae (Table 1). The EC50, calculated using nominal water concen-
trations, was 66 pg/lg! Embryos from 56 1g/¢ were fully shelled and straight-
hinged but appeared smaller thanlthose from controls. The percentage of nor-
mal embryos in 65 pg/ was 32 percent and in 87 pg/¢ it was O percent. The
concentration of Kepone calculated to reduce shell deposition of juvenile
eastern oysters by 50 percent in a 96-hour flowing water bioassay was 38 ug/ 2

in water of 14°C and 11 wg/ 2 in water of 31°%¢ (Butler, 1963).
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Crustaceans and Fishes: Kepone, at the concentrations tested, was acutely
toxic to mysids (Nimmo et al., In press), grass shrimp, sheepshead minnows,
and spot but not to blue crabs (Schimmel and Wilson, In press) (Table 1).
Spot and mysids were the more sensitive species with 96~hour LC50 values
of.6.6 and 10 ug/g. Crabs exposed to as much as 210 g Kepone/g suffered
no significant mortality. Symptoms of acute Kepone poisoning in fishes
included lethargy, loss of equilibrium and darkened coloration on the
posterior portion of the body; occasionally only in one quadrant. Crus-
taceans became lethargic before death but exhibited no color change.
Butler (1963) reported forty-eight hour LCS50 or ECS50 Qalues (based on nom-
inal concentrations) for other estuarine organisms were: Brown shrimp

(Penaeus aztecus) 85 ,g/y, longnose killifish (Fundulus similis) 84 ,g/g,

and white mullet (Mugil curema) 55 Qg/z.

Kepone was bioconcentrated from water by all four species we exposed
for 96 hours. Bioconcentration factors (concentration in tissue divided
by measured Kepone in water) for fishes were similar (950 to 1,900). Bio-
concentration factors for grass shrimp ranged from 420 to 930 and for blue

crabs 6 to 10.

Chronic Toxicity

Mysidopsis bahia: Exposure of this mysid to Kepone for 19 days in the first

experiment decreased its survival and reduced the number of young produced

per female (Table 2) (Nimmo et al., In press). At the highest concentrationf
(8.7 nug/2) all mysids were dead within the first two days. At lesser concen-
trations_(l.6 and 4.4 ,g/g) mortality continued throughout the test. Eighty-

four percent of the mysids survived exposure to 0.39 ;g Kepone/y water and
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91% survived in control aquaria. In addition, natural reproduction was
affected. Average number of young mysids produced per female was 15 in
control, 9 in 0.39 yug/2, and none in 1.6 pg/f. Mysids that survived
throughout the Kepone exposure appeared smaller than those in control aguaria,
therefore, two additional experiments wére conducted to measure Kepone's
effect on growth.

In these experiments, the average length (tip of carapace to end of
uropod) of mysids exposed to Kepone was decreased (Nimmo et al., In presé).
Females exposed to 0.072, 0.11, 0.23, or 0;41 ug/ 2 were significantly shorter
than were control mysids; average length was 8.2 mm for exposed versus 8.6 mm
for control female mysids. Unexposed and exposed males, however, were of
similar average lengths, 7.7 to 8.0 mm.

Cyprinodon variegatus: Kepone was toxic to adult sheepshead minnows exposed

for 28 days (Table 3). Symptoms of poisoning included : scoliosis, darken-
ing of the body posterior to the dorsal fin, hemorrhaging near the brain,
edema, fin-rot, uncoordinated swimming and cessation of feeding. Symptoms
were first observed on day one in 24 yz/g%, two in 7.8 ug/%, three in 1.9 pg/%,
and day eleven in 0.8 pg/g. Mortalities began 5 to 8 days after onset of
symptoms.

Kepone affected the progeny of 28 day exposed adults. In Kepone-free
water, mortality of embryos from adults exposed to 0.05 to 0.8 ué/l was
similar to that of embryos from unexposed adults (range 6 to 12 percent).
However, in Kepone-free seawater, 25 percent of the embryos from fish exposed
to 1.9 ug of Kepone/g died; abﬁormal development of 13 of these 20 embryos

preceded mortality.
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Table 1. Acute toxicity of Kepone to estuarine organisms.

Algal and mollusk

toxicity tests were static and estimated nominal concentrations reducing growth

of algae and embryonic development of oysters by 50 percent (EC50). Toxicity

tests with crustaceans and fishes were flow-throughs that estimated the meas-

ured concentration in water lethal to 50 percent (LC50).

confidence limits are in parentheses.

Ninety-five percent

Exposure
Organims Temperature, Salinity, Duration, EC50/LC50,
°¢ °/00 Days ug/L

Algae

Chlorococcum sp. 20 30 7 350 (270-400)
Dunaliella tertiolecta 20 30 7 580 (510-640)
Nitzschia sp. 20 30 7 600 (530-660)
Thalassiosira pseudonana 20 30 7 600 (500-700)
Mollusk

Crassostrea virginica 20 21 2 66 (60-74)
Crustaceans

Callinectes sapidus 19 20 4 >210

Mysidopsis bahia 26 13 4 10 (8.1-12)
Palaemonetes pugio 20 16 4 120 (100-170)
Fishes

Cyprinodon vafiegatus i8 15 4 70 (56-99)
Leiostomus xanthurus 25 18 4 6.6 (5.3-8.8)
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Table 2. Effect of Kepone on the survival of Mysidopsis bahia and on average

number of young per female in a 19-day flow-through toxicity test.

Average Measured Percentage Number of Young
Kepone Concentration Survival per Female
(ng/2)
Control 91 | 15.3
0.39 ‘ 84 8.9%
1.6 ' 50 , 0
b4 | 3 | -

8.7 _ 0 -

*Statistically significant at a=0.05 using 2 sample t-test.




Table 3. Effect of Kepone on and accumulation of Kepone by adult sheeps-

head minnows exposed for 28 days.

Average Measured Percentage Whole Body
Exéosure Concentration, yg/y Mortality Concentration, nug/g
ND#* 5 ND
0.05 5 0.30
0.16 . 0 0.78
0.80 22 3.0
1.9 80 12,
7.8 100
2. 100

*ND = Kepone not detected in control water (<0.02 pg/2) nor in control fish

(<0.02 pg/g).
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Table 4. Mortality in progeny of adult sheepshead minnows that were exposed
to Kepone and in progeny of unexposed, control fish. Nominal exposure for
the 28-day exposure of adult fish and the 36-day exposure of progeny were
the same. .Progeny exposure began with embryos and ended with juvenile fish
from the embryos. Residueé are concentrations of Kepone (ug/g) in whole

juveniles, wet weight.

Measured Exposure Parental Fish History
Concentration Progeny of Unexposed Parents Progeny of Exposed Parents
ug/ g - Mortality Residue Mortality Residue
% ug/g % ug/g
Control (ND) ' 10 , NDE/ 10 NDl/
0.08 ' 22 1.1 9 1.6
0.18 12 1.4 18 1.0
0.72 28 2.6 18 1.9
2,0 40 7.8 62 8.4
6.6 | 40 22. - -
33. 100 . - - -
1/

Z'ND = not detectable, <0.02 ug/%, 0.02 ug/g.
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Kepone in water affected progeny of exposed parents to a greater extent
than progeny of unexposed parents (Table 4). Some embryos exposed to 2.0 ug/%
developed abnormally and fry had more pronounced symptoms and theylbegan to
die 10 days earlier when parental fish had been exposed to 1.9 ug/% than
was observéd in progeny from‘unexposed parents.

Kepone also affected growth of sheepshead minnows in the 36-day exposure
of progeny (Figure 1). The average standard length of juveniles exposed
to all Kepone concentrations was less than that of unexposed control juveniles.
Lengths decreased in direct proportion to increasing Kepone concentrations in
water and were generally not influenced by parental exposure.l A similar
decrease was also noted in weights, but because juveniles exposed to 0.72,

A 2.0, or 6.6 ug/% were edematous, they weighed more than unexposed juveniles
of similar lengths.

. Kepone was bioconcentrated by sheepshead minnow adults and their progeny
exposed to the insecticide in water. Kepone was bioconcentrated in adult
fish in direct proportion to concentration in e#posure water (Table 3). Con-
centration factors averaged 5,200 (range 3,100 to 7,000). Kepone concentra-
tions in females and their eggs were similar and were 1.3 times greater than
amounts in mgles. Concentrations of Kepone in juvenile fish, at the end of
the 36-day progeny exposure, increased with increased concentration of Kepone
in water (Table 4). Prior ekposure of parental fish apparently did not affect
final kepone'concentratién in progeny. Concentratioa factors for juvenile
fish,averaged:7,200 (range 3,600 to ZO,QOO) and increased with decrease in
concentration of exposure.

Ih our tests, Kepone was acutely toxic to, and accumulated by, estuarige
algae, mollusks,bcrustaceans, and fishes. Chronic toxicity tests with

M. bahia and C. variégatus revealed that Kepone affected survival, growth,
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and reproduction. Effects on growth were observed at one one-thousandth of
the 96-hour LC50." Accumulation of Kepone was also greatest in chronic tests.
Therefore, chronic tests should be used to assess Kepone's environmental
hazafd and to make decisions necessary to minimize its future impact on the

aquatic environment.
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F

EFFECT OF KEPONE ON LENGTH

- OF JUVENILE SHEEPSHEAD MINNOWS
14

e PARENTS UNEXPOSED
= PARENTS EXPOSED

AVERAGE STANDARD LENGTH (mm)

1 1 ot
© o Ol 1O 100

JUVENILE EXPOSURE CONCENTRATION (ug/l)

Figure 1. Average standard length of juvenile sheepshead minnows
exposed as embryos, fry, and juveniles for 36 days to O,
0.08, 0.18, 0.72, 2.0, or 6.6 uz of Kepone/% of water.
Parent fish in some instances also were exposed to similar
concentrations of Kepone: 0, 0.05, 0.16, 0.80, or 1.9 .g/2.

*Concentration of Kepone in water, ug/%, for parent fish exposed prior to
placement of their embryos in Kepone-free water.
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ACUTE TOXICITY OF KEPONE TO FOUR FSTUARINE ANIMALS

Schimmel, S. C. and Wilson, A. J.
ABSTRACT

Recent contamination of the James River estuary Virginia, with
Kepone prompted acute flowthrough bioassays to determine the 96h6ur
toxicity of the insecticide to four estuarine species native to that
ecosyétem. The species and their 96-hour LC50 values were: grass

shrimp (Palaemonetes pugio), 121 ug/%; blue crab (Callinectes sapidus),

210 ug/%; sheepshead minnow (Cyprinodon variegatus), 69.5 pg/%; and

spot (Leiostomus xanthurus), 6.6 ug/f. Surviving animals were analyzed
for Kepone. Average bioconcentration factors (the concentration of
Kepone in tissues divided by the concentration of Kepone measured in
seawater) were: grass shrimp, 693; blue crab 8.1; sheepshead minnow,

1,548; and spot, 1,221.
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INTRODUCTION

Few published data are available on Kepone toxicity to estuarine
animals. Butler (1963) reported EC50 values (based on mortality or
~loss of equilibrium in 48 hours for shrimp and on inhibition of shell

deposition in 96 hours for oysters) of 85 pg/% for brown shrimp (Penaeus

aztecus); 57 pg/% and 15 ug/f for eastern oysters (Crassostrea virginica)
exposed at seawater temperatures of 14°C and 310C, respectively. Twenty

percent of the blue crabs (Callinectes sapidus) exposed to 1,000 ug/2

Kepone died in 48 hours. Butler's data were derived from flow-through
biocassays and based on nominal, not measured, concentrations of Kepone
iﬁ seawater.

Recent discharge of the insecticide, KeponeR, into the James River
estuary, Virginia has resulted in contamination of that system's water,
sediment, and biota. This contamination raised questions about the acute
and chronic effects of Kepone on the aquatic life in the estuary and the
potential danger to humans by eating contaminated animals.

In January 1976, .we initiated flow-through bioassays to determine
bioconcentration and acute toxic effects of Kepone on representative
species found in the James River estuary. These were grass shrimp

(Palaemonetes pugio), blue crab (Callinectes sapidus), sheepshead

minnow (Cyprinodon variegatus), and spot (Leiostomus xanthurus).
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METHODS AND MATERIALS

Acute toxicity was determined by exposing 20 animals per aquarium to
different concentrations of Kepone for 96 hours in flow-through bioassays
similar to those described by Lowe et al. (1972). All test animals were
acclimated to laboratory conditions for at least ten days prior to testing.
The temperature and salinity of seawater in which they were held were
allowed to vary with those of Santa Rosa Sound, Florida during acclimation
and testing. Our acclimation and testing procedures were compatible with
those of Standard Methods (A.P.H.A., 1971). All test animals were captured
in the vicinity of the Gulf Breeze Laboratory and samples contained no
detectable Kepone (<0.02 pg/g). During acclimation test animals were fed
frozen brine shrimp daily. Animals were not fed during the tests, but
could obtain food (plankton and other particulate matter) from the unfil-
tered seawater. Seawater was pumped from Santa Rosa Sound into a constant-
head trough in the laboratory and delivered to each 18 aquarium by a
calibrated siphon that delivered approximately 68%/hr. One control and
five experimental aquaria were used in each test. Stock solutions of
Kepone (88% pure), in reagent-grade acetone, were metered into experimental
aquaria at the rate of’ 60 mf/hr.

The 96-hour LC50 values were determined for both nominal and measured
concentrations of Kepone in seawater. Nominal concentrations were those
calculated to be in seawater, based on the concentration of the stock
soiution, plus the stock solution and seawater flowArates. The LC50 values
were based on measured Kepone concentrations determined by chemical analysis
of the exposure water. Mortality data were subjected to probit analysis

to determine LC50 values and their 95% confidence limits (Finney, 1971).




At the end of each 96-hour test, surviving animals from each con-
centration were sacrificed, rinsed with acetone, and pooled as a single
sample for residue analysis.

Water samples were analyzed by extracting one liter of seawater
twice with 100 ml of methylene chloride. The combined extracts were
concentrated to about 5 ml in a Kuderna-Danish Concentrator on a steam
table. Fifteen milliliters of beﬁzene were added and the extract recon-
centrated to remove the methylene chloride. The extract was cleaned up
on a Florisil Column as described below.

Tissues of shrimp, crabs, or fish were weighed in 150 mm x 25 mm
(0.D.) screw~top test tubes and extracted twice with 5 ml volumes of
acetonitrile for 30 seconds with a model PT 10-ST Willems Polytron
(Brinkman Instruments, Westbury, New York). The mixture was centi-
fuged and the ééetonitrile transferred to a 250-ml separatory funmel,
After the second extraction, the tissue was extracted with one 5-ml and
one 10-ml volume of acetone. After each acetone extraction the tube
was centrifuged and the acetone added to the 250-ml separatory funnel.

To the combined extracts, 100 ml of 2.0% aqueous sodium sulfate and 10 ml
of 1:1 diethyl ether-petroleum ether were added. The separatory funnel
was shaken for one minute. After the solvent phases had separated, the
lower aqueous phase was drained into a 250-ml beaker and the upper ether
layer was collected in a 25-ml Kuderna-Danish concentrator tube. The
ether extraction was repeated three times wiph 5 ml of 1:1 diethyl ether-
.petroleum ether. The combined extracts were concentrated just to dryness

by placing the concentrator tube in a water bath at 450C and blowing off
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the solvent with a gentle stream of nitrogen. The residue was transferred

to a.200 mm x 9 mm (I.D.) Chromaflex column (Kontes Glass Co.) containing
2.3 gm of Florisil topped with 2.0 gm of.anhydrous sodium sulfate. The
column initially was washed with 10 ml of hexane and the residue trans-
ferred with four 0.5 ml volumes of 5% diethyl ether in hexane. The
column was éluted with 20 ml of 5% diethyl ether in hexane to remove PCB
and pesticidés. Kepone was eluted in a second elution of 40 ml of 1%
methanoi ig benzene. Extracts were concentrated or diluted to appropriate
volumes for analyses by electron capture gas chromatography.
Determinations were obtained by Varian Aerograph Model 2100 and

1400 Gas Chromatographs equiéped with 182 cm x 2 mm (I.D.), glass columns
packed with 2% SP2100 and 9.75% SP2250: 9.97% SP2401 on 100/120 mésh
Supeiqoport; The operating parameters were: oven‘temperature 185°C,
injecto; temperature 200°C, detector temperature 216°C, and nitrogen
carrier gas flow rate 25 ml/% minute.

. The average recovery rate of Kepone from fortified tissue was 87%;
from water, 85%. Residue concentrations were calculated on a wetweight
basis without a cqrréction factor for percéntage recovery. All samples

were fortified with an internal standard (dichlorobenzophépone) prior to

analysis to evaluate the integrity of the results.
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RESULTS AND DISCUSSION

Kepone, at concentrations tested, was acutely toxic to shrimp and

fishes but not to blue crabs. The LC50 values varied widely among

species. Spot were the most sensitive with a 96~hour LC50 of 6.6 ug/%;

the sheepshead minnow LC50 was over ten times higher (69.5 ug/%). The

two crustaceans were less sensitive. Grass shrimp LC50 was 120.9 ug/,

and no significant mortality was observed in blue crabs measured concentra-

tions as high as 210 ug/2 (Tables 1 and 2). |
Although the sensitivity of fish to Kepone toxicity differéd, the

symptoms of Kepone poisoning were similar. An early symptom was lethar-

gic behavior followed by loss of equilibrium. These symptoms occurred

in sheepshead minnows at 48 ﬁours'in 56 and 100 ug/% concentrations and

96 hours in 18 and 32 yug/% concentrations. Spot exhibited the symptoms

in 48 hours when exposed to 7.5, 13.5 and 24 ug/% Kepone. An advanced

stage of poisoning was evident in dark coloration of portions of the

fish's body. This color change was striking in that some fish had

normal coloration on one side of their bodies, while the other side was

nearly black with a sharp line of demarcation. . Some spot and sheepshead

- minnows were darkened in only one quadrant of the body; for example, the

" left side posterior to the pectoral fins. These color changes were

always more marked and appeared earlier in the higher Kepone concentrations.

Hanéen et al. (In press) also noted color changes in sheepshead minnows

exposed to a lower Kepone concentration (0.8 ug/%) over a longer duration

(11 days). The same authors also noted that growth, reproduction and

’




survial of sheepshead minnows were affected in 36 days by Kepone concen-
trations as low as 0.08 Ug/iiter, which is 0.001 of our sheepshead
minnéw (LC50 (69.5 ug/lifer).. Ié we assume that the same ratio exists for
spot as Hansen efral. repof#e& for sheepshead minnows, then the no-effect
level for spot would be iéés’than 0.007 ug/liter based on our spot LC50
(6.6 ug/liter). -

| No color changes Were.bbserved in the two crustaceans'although they
were lethargic in Kepone concentrations greater than 75 ug/liter.

Kepone was bioconcentfated by all test animals in 96 hours, although

bioconcentration factérs (concentration of Kepone in tissue divided by
measﬁred Kepone in water) varied from species to species (Table 1). (The

bioconcentration factors for fish were similar, x = 1200-1500). The two
fishes bioconce;fréted averages of 1.7 and 3.3 X the bioconcentration

f;ctop of the grass sﬁrimp and 150 and 190 X that of the blue crab. This
difference has Been noted in similar bioassays with other organochlorine

insecticides. Schimmel et al. (1976) reported that sheepshead minnows,

spot and pinfish (Lagodon rhomboides) bicconcentrated 4 to 70 X more

heptachlor than grass shrimp or pink shrimp (Penaeus duorarmm). A similar

relationshiip occurred when some of fhe same ﬁpecies were exposed to toxa-
-éhene (Schimmel et al.. In press) and dieldrin (Parrish et al., 1974)

ip 96-hour bicassays. The reason for an extremely low bioconcentration
factor in the blue crab éompared to grass shrimp is not known.

Further studies over a longer period of time are required to better
understand the more subtle’éffects oé Kepone on estuarine animals. One
reason for this assessment is that most deaths occurred after 48 hours
in our tests. These studieé should include: (1) long—tefm bioconcen-
tration 'studies; (2) bioasséys which include ‘the hatching and early develop-
ment of an estuarine animal; and (3) studies to determine movement of

Kepone through an estuarine food web.
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Table 1. Toxicity of Kepone to and uptake by four estuarine organisms after 96 hours expdsure.

SPECIES WATER CONCENTRATION WHOLE-BODY : :
. (ug/ 2) MORTALITY . RESIDUE . BIOCONCENTRATION
DESIRED  MEASURED (%) (ug/g wet weight) FACTOR
. 1 1
Grass Srhimp Control ND™. 0 : ND© . . -
(Palaemonetes pugio) 13.5 - 12, 0 5.1 425
24, 15. 0 14, 933
42, 39. 0 29, 744
75. . 69. . 5 42, 609
135, - 121, . 50 94. 777
X = 698
Blue Crab Control ND 0 ND -
(Callinectes sapidus) . 42, - 0 - -
' "75. - 10 - -
135. 110. 5 0.85 7.7
187. 164. 0 1.7 10.4
240. 210. 0 1.3 6.2
x= 8.1
Sheepshead Minnow Control ND 0 ND -
(Cyprinodon variegatus) 10. 7.1 0 11.2 1577
: 18. 14, 0 20.9 1493
32, 23, 5 44.4 1930
56. 51.5 20 63.6 1235
-100. 78.5 65 118.4 1506
X =1548
Spot Control - ND 0 ND . -
(Leiostomus xanthurus) 2.4 1.5 5 1.7 1133
4.2 3.4 10 3.2 941
7.5 4.4 - 45 7.0 1591
13.5 7.8 40 10.8 1385
24, : 15.9 95 16.8 1057
x =1221

lND - non detectable; <0.02 ug/% in water, <0.02 MUg/g in tissue.




- 162 -

Table 2. 96~hour toxicity of Kepone to several estuarine animals in flowing seawater bioassays.

crabs, and standard length for fishes.

The 95% confidence
intervals are in parentheses. Animal sizes are rostrum-telson length for shrimps, carapace width for

: ' v NOMINAL . MEASURED :

SPECIES SIZE 96-HOUR 96-HOUR TEMPERAgURE SALIN%TY
' LC50 in ug/% LC50 in ug/2 - (&, ©) (x, /oo0)
(x, mm) (95% CONFIDENCE LIMIT) (95% CONFIDENCE LIMIT)

Grass Shrimp 27.8 134.8 120.9 20.0 16.0
(Palaemonetes pugio) (114.1-193.9) (103.0-171.6)
Blue Crab . 34.3 >240 >210 19.0 20.0
(Callinectes sapidus)
Sheepshead Minnow 20.0 83.0 69.5 18.0 15.0
(Cyprinodon variegatus) (67.9-115) (56.3-99.5) :
Spot 33.9 10.5 6.6 25.0 18.0

(Leiostomus xanthurus) (8.3-14.0) (5.3-8.8)
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KEPONE ACCUMULATION AND FOOD CHATN TRANSFER

L.H. Bahner, A.J. Wilson, J.M. Sheppard, J.M. Patrick, L.R. Goodman, and

G.E. Walsh
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ABSTRACT: Accumulation, transfer, and loss of Kepone in estuarine organisms
were studied in laboratory bioassays. Kepone was bioconcentrated by oysters

(Crassostrea virginica), mysids (Mysidopsis bahia), grass shrimp (Palaemonctes -

pugio), sheepshead minnows (Cyprinodon variegatus), and spot (Leiostomus

xanthurus), from concentrations as low as 0.023 pg/f scawater. Biocon-
centration factors ranged from 10 to 340 in static exposures and 900 to
13,500 in flow-through bioassays and were dependent on species and exposure
duration.

Depuration of Kepone from oysters in Kepone-free water was rapid (35%
loss in 24 hours); however, depuration of Kepone was slow in crustaceans and
"fish, with tissue concentrations decreasing 30-50% in 24-28 days.

Oysters, fed Chlorococcum containing approximately 34 pg Kepone/g wet

‘

weight, attained 0.21 pg Kepone/g (wet tissue) in 14 days, but when fed
Kepone-free plankton, depurated Kepone to below detectable concentrations
(<.02 ug/g) within 10 days.

Spot  obtained Kepone when fed live mysids that had grazed on Kepone-
laden brine shrimp. Kepone residues (1.05 ug/g &et tiséue) in these
fish approached the concentration of their.food (1.23 ug/g wet tissue);
at the lower concentration tested, Kepone concentratiops below detection
limits (<.2 ug/g) in prey accumulated in the predator to detectable concentra-
tions (0.02 ug/g) within 30 days. Bioaccumulation factors'(conqentration of
Kepone in predator/concentration in prey) at 30 days were equal (0.85 spot/

mysid; 0.53 mysid/brine shrimp)in the high and low concentrations tested.
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Introduction

Contamination of the James River water, sediments, and biota with
Kepone has prompted research to help define the routes of transfer of
the insecticide from water through selected estuarine trophic levels. Biota
of the James River Estuary and Chesapcake Bay contain Kepone (Hansen et al.
1976), apparently due to transport of the chemical downstream from the freshwater
portion of the river. Since no convenient method existed to assess the rate of
Kepone movement in the biota of the James River and Chesapeake Bay, laboratory
bioconcentration from water and bioaccumulation from food experiments wefe
designed to determine the rates and magnitudes of Kepone accumulated from water
and food by selected estuarine organisms. It is important to determine the
accumulation of Kepone from water and food by various estuarine species, so
that the information can be useé in the decision-making processes that may
affect the water quality for the biota in the Chesapeake Bay region or iimit
transfér-of'Kepone to seafoods consumed by man. The alga, oyster, mysid,
shrimp, and fish used in our exqfriments are representative of many ecologicglly
important species. The top consumers in our food chains tested are endemic to

both the Chesapeake Bay area and northern Gulf of Mexico and are commercially

important human food items. Leiostomus xanthurus, the top carnivorous

species of one laboratory food-chain, provides an estimated 21.5 million
pounds annual recreational catch for fishermen of the Middlé Atlantic
states (U.S. Department of Commerce 1975).
This study provides information about: (1) the rates and magnitudes
of Kepone accumulation from water by estuarine biota; (2) rates of Kepone depura-
tion by animals in Kepone-free water; and (3) rates of Kepone transfer through

’

laboratory food chains.
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Methods

BIOCONCENTRATION OF KEPONE FROM WATER BY ESTUARINE ORGANISMS
Oysters

Eastern oysters (Crassostrea virginica) were exposed to Kepone (88% pure)

in a 56-day flow-through bioaséay to determine the rates of uptake and
depuration of this insecticide. Seawater (mean temperature 14.2 C; mean
salinity 15 o/oo) was pumped from Santa Rosa Sound, Florida, into a con-
stant-head trough in the laboratory. Approximately 440 2/hour was delivéred
by siphons to each of three 166 £ aquaria. Oysters (100/aquarium) were not
fed but could obtain plankton from the unfiltered'seawater in which they
were held. Stock solutions of Kepone in triethylene glycol (TEG) were metered
into the two experimental aquaria at the rate of 10 ml/day. Measured concen-
trations of Kepone in the two experimental aquaria were 0.39 and 0.03 ug/%
seawater. A control aquarium received 10 ml TEG/day.

Oysters (56 mm to 92 mm, umbo to distal valve edge height; X = 71.8 mm)
were collected, acclimated to laboratory conditions for ten days, exposed
to Kepone for 28 days, and then held for 28 days in Kepone-free seawater.
Five oysters were sampled.from each aquarium at 4 hours, 8 hours, 1 day,
8 days, and twice weekly thereafter to day 28. During the 28-day depuration
portion of the test, oysters were sampled at similar intervéls. Analysis
methods for Kepone in water and tissues (whdle—body, wet weight) were those
of Sehimmel and Wilson (in press).
Crustaéeans

Mysids (Mysidopsis bahia), collected from laboratory cultures (Nimmo

et al. in press), were exposed to average measured concentrations of 0.026
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or 0.41 ug Kepone/f scawater for 21 days (mcan temperature 27.2 C; mean

. o o
salinity 18 “/oo) and in a second experiment, grass shrimp (Palaemonctes

pugio), seined and acclimated to experimental conditions for 10 days, were
exposed to average measured concentrations of 0.023 or 0.40 pug Kepone/! sea-
water in a 28-day flow-through bioassay (mean temperature 27 C; mean salinity

25 O/00). Experimental methods used were those of Bahner et al. (1975).

The grass shrimp were held for an additional 28-day period in clean scawater

to assess depuration of the insecticide. Filtered seawater at a rate of approxi-
mately 60 2/h0u; flowed through each aquarium containing myéids or grass shrimp,
Mysids and shrimp were fed 48;hour—old Artemia nauplii daily. Kepone content

. of mysids and>shrimp was determined weekly during exposure and depuration.

In a third experiment, grass shrimp were collected by seine from the Lafayette
River estuary near Norfolk, Virginia, and were held in flowing seawater (mean
temperature 25.5 C; mean salinity 15 O/oo) in the laboratory to determine the
extent of depuration of Kepone from field-exposed shrimp. These shrimp were
analyzed for Kepone concentrations on days 7, 11, 17, and 21 after.being trans-
ferred to flowing Kepone~free water in our laboratory.

Fishes

Sheepshead minnow (Cyprinodon variegatus) adults, acclimated to lab-

.oratory test conditions, were exposed to an average measureq concentration

‘of 0.05 pug Kepone/f of water (mean temperature 30 C; mean salinity 15 °/00)

for 28 days, using the methods of Hansen et al. (in press) and were held

in Kepoﬁe—free water for an additional week. Ten fish, generally five females
and five males, were sampled on days 0,1,3,7,14,21, and 28 of exposure to Kepone

éhd on day 7 of depuratiou.
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Spot (leiostomus xanthurgg) were scined, acclimated for 10 days,
exposed to average measured concentrations of 0.029 or 0.4 ug chone/l
of filtered flowing seawatér (mean temperature 23 C; mean salinity 18
O/oo) for 30 days and allowed to depurate the chemical for 24 days. Com-
posite samples of three fish were sampled each week for residue analysis.
Spot, exposed to 0.4 ug Kepone/f seawater and allowed to depurate for 24 days,
were dissected into liver, brain, gills, muscle, and offal (rest of body tissues)
and analyzed for Kepone.

Fillets (including scalelgss skin) and the remaining portions of
sheepshead minnows and spot (wet weight) were analyzed for Kepone content,
- The data were summed to calculate concentrations in whole fish,
BIOACCUMULATION OF KEPONE IN FOOD CHAINS CONSISTING OF ESTUARINE ORGANISMS
Algae-Oyster Food Chain

The green alga, Chlorococcum sp., contaminated with Kepone was used as

food for oysters to determine if contaminated phytoplankton could be a significant

source of the pesticide to oysters. ‘Chlorococcum sp. was grown for 6 days

in one liter of culture medium in 2800-ml Fernbach flasks according to the

method 6f Hollister et al; (1975). Random cultures were dosed with 0.1 mg Kepone
in acetone, while others ser&ed as controls after treatment with acetone alone.
After 24 hours of exposure, algal cultures were harvested by centrifugation and
washed three times by resuspension in clean growth medium and centrifuga- |
tioﬁ. The cells were resuspended in 5% of seawater and fed to oysters by

using the methods of Bahner and Nimmo (1976). Samples of the algae were

analyzed daily for Kepone.
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Rate of Kepone accumulation was determined by allowing oysters to feed
on control or Kepone contaminated green algae in flowing seawater. Oysters
lfor this study were collected and acclimated for 10 days té laboratory con-
ditions in flowing seawater. Twenty-four oysters were placed in each of two
aquaria (one control and one experimental) that received 604 filtered sea-
water/hour (mean temperature 22 C, mean salinity 19 O/oo) and were fed approxi-
mately 50 mg of the appropriaste (control or contaminated) algal suspension at
15-minute intervals for 14 days. A 10-day depuration period followed thé feed-
ing study during which the oysters received raw, unfiltered flowing seawater

and no additional Chlorococcum. Oysters (n = 3 pér sample) were analyzed for

Kepone content on days 0,7,10,14,17, and 24 of the experiment.
Plankton-Mysid-Fish Food Chain ,

Transfer of Kepone from water to plankton to mysids to fish was investigated
by feeding living brine shrimp nauplii that were contaminated with 2.33 ug
Kepone/g tissue to mysids, that were then fed to spot, the top predator of phis

laboratory food chain. Juvenile spot were seined and acclimated according to

the methods previously described for sheepshead minnows and spot. Mysids

(Mysidopsis bahia), the intermediate food organism, were collected from labora-

tory cultures. Commercially available brine shrimp eggs were hatched during

48 hours in clean seawater or in seawater to which 0.005 or.O.l mg Kepone/% was

added (Bahner and Nimmo 1976). The brine shrimp were harvested daily and served
as the "planktonic" food for the mysids. Approximately 40 mysids were distrib-

uted among each of six compartments of two 30-2 aquaria. The compartments were
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separated by coarse nylon screen that allowed for flow of water and Artemia
throughout each aquarium while confining the mysids to separate compartments.
Mysids that had fed on Artemia for 72 hours were harvested from one compart-
ment of each holding aquarium, rinsed with seawater, and fed to the spot.
Each compartment was refilled with mysids to provide for subsequent feeding
periods. By this method, each of 12 juvenile spot, (average length 40 mm),
in each of three 30-4% glass aquaria,‘were fed 3 to 5 control or contami-
nated mysids daily. Aquaria containing spot received 60% of seawater/hour to
prévent anoxija and to minimize bioconcentration of Kepone depurated from the
mysids. Water averaged 19 C and 18 o/oo salinity. Brine shrimp, 30 to 45
mysids, 2 to 3 spot, and water from each aquarium were analyzed weekly for

Kepone.
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Results and Discussion

BIOCONCENTRATION FROM SEAWATER

Kepone was bioconcentrated from water by oysters, mysids, grass shrimp,
shecpshead minnows, and spot in all concentrations tested (Figs. 1, 2, 3,
4, and 5; Table 1) and all specics showed nearly equilibrated tissue concentra-
tions of Kepone within 8 to 17 days after exposure to Kcepone began in water.
Bioconcentration factors for Kepone in these specices ranged from 2,300 to 13,500
in long-term (96 hrs) flow-through bioassays (Table 2). Kepone bioconcentrated
. in oysters to approximately 10,000 times the concentration in the exposuré water
within 19 days. Mysids bioconcentrated Kepone up to 13,000 times the amount
‘measured in the exposure water. Each mysid (mean live-weight = 2.5 mg for 66
adults), exposed to 0.026 ug Kepone/% for 14 days contained approximately 5.9 ng
Kepone; therefore this amount of/the chemical could enter food chains of
estuarine predaters that consumed each mysid. Stomachs of flounders from
Chesapeéke Bay (standard length 25 to 174 mm) containe& an average of twenty
mysids (Stickney et al. 1974); mysids comprised up to 147 of the diets of striped
bass frombthe York and Rappahannock Rivers. Mysids were conspicuously absent
in gut analyses of James River striped bass, but decapod crustaceans (i.e.
Palaemonétes sﬁ.) accounted for 48% (by volume) of their diets (Markel and

y

Grant 1970). Palaemonetes have one of the highest bioconcentration factors of

Kepone (Table 2), and like other decapod crustaceans, are one of the species
least sensitive to acute.exposures of Kepone (Schimmel and Wilson In press).
"Grass shrimp bioconcentrated Kepone up to 11,000 times the concentration in the
exposure water. After 28 days of exposure to 0.023 ug Kepone/%,'each shrimp con-

tained approximately 8.6 ng Kepone, an amount that could be transferred to predators;
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Bioconcentration of Kepone was more efficient with incrgaséd concentrations
in water for all crustaceans tested (Table 2).

Kepone was bioconcentrated from water by sheepshead minnows--important
omiivores that link energy transfer from detritus and benthic plants and
animals to carnivores in higher trophic levels. Each fish (mean weight 1.5 g)
containéd approximately 0.54 yug Kepone after 28 days of exposure to 0.05 g
Kepone/y seawater. Kepome concentrations were slightly higher in female sheeps-
head minnows (0.35 pg/g) than male fish (0.25 ug/g).

Spot, a commercially valuable fooﬁ fish, bioconcentféted Kepone from 0.029
ug/e seawater; each fish (mean weight 1.4 g) contained apﬁroximatcly 0.13 ug
Kepone. The bioconcentration factors for Kecpone in fish were similar to those
of other chlorinated hydrocarbon insecticidgs (Schimmel et al. 1975; Schimmel
et al. 1976). Kepone accumulated in edible fillets to neaf the whole-body con-
centrations in fish (Figs. 4, 5, & 6); therefore, one of the largest reserves
(22 O/o) of Kepone in absolute weight is in the edible portion of contaminated
fish. Although the greatest body burdens of Kepone on a wet-weight basis are
in the brain, liver, and gill tissues, the relatively large size of muscle and
offal tissues contributes large Kepone reserves to higher trophic levels (Fig. 6).

Depuration of Kepone was not consistent among the species tested.
Clearance of the chemical from oysters was rédlatively rapid, with no Kepone
detected within 7 to 20 days after exposure ceased (Fig. 15$ Depuration of
Kepone from laboratory exposed grass shrimp (Fig. 3) and fisﬁ (Fig. 4 & 5)
was slower; Kepone concentrations were reduced 30-50 0/o iﬁ 24 to 28 days.-
Grass shrimp from the Lafayette River depurated Kepone at rates similar
to those of laboratory exposed shrimp with approximately 20 o/o of

the Kepone lost during 21 days in seawater containing no Kepone. Spot that
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were exposcd to Kepone for 30 duys and allowed to depurate for 24 days, con-
tained highcét Kepone concentrations in brain, followed by liver) gills, and

and muscle (Fig. 6). Mény chlorinuied chemicals are highly éoncentrated in

liver and other fatty tissues (Parrish et al. 1974; Parrish et al., 1975)

but the unusual distributiqn of Kepone might be explained by its water solubility

relative to other insecticides.

BIOACCUMULATION OF KEPONE IN FOOD CHALINS CONSISTING OF ESTUARINE ORGANISMS
Algae-Oyster Food Chain

Chlorococcum, grown in media enriched to 0.1 mg Kepone/f, bioconcen-

trated the chemical to a mean of 34 pg/g in whole cells; the bioconcentration
factor in these static exposures was 340X (Table 2). In preliminary tests,

continuous infusion of 2.1 pg Képone/hour into static cultures of Chlorococcum

produced cells with bioconcentration factors near 6000 x.within 48 hours;
adsorption of Kepone by the cells and vessels limited’the average measured
concentration in the media to approximately 0.04 mg/g. Continuous exposure
in this test is probably more representative of those occurring in an estuafy
and places the importance of bioconcentration of Kepone by phytoplankton in
proper perspective.

Oysters bioaccumulated Kepone to 0.21 pg/g when fed Chlorococcum sp. con-—

taining an average of 34 ug Kepone/g for 14 days (Fig. 7; Table 3). Kepone in
feces and pseudofeces from these oystérs averaged 1.78 g Kepbne/g (dry weight).
Kepone was not detectable in the unfiltered water samples; ghell growth was
evident; and all oysters gained weight during the test. Weight gain in exposed
oysters was not different than control oysters (analysis of covariance,

a= 0.05). Kepone concentrations in oysters fed the contaminated algae appeared
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to almost reach equilibrium in 14Adays; but quantity of Kepone transferred
ffom'these a;gae tbloyszefs'wéé.limitcd, probably due to rapid depuration
of the chcmical from the oysters. Kepone was not detectable (<0.02 ug/g)
lb'days after the oysters received no contaminated food. Most Kepone
was'dgpprated from oysters within 96 hours; therefore, if oysters in the ngtural
éhviféﬁment contain measurable Kepone residues, a recent or continuous soﬁrce of
Kepone from water and/or food has been available.
_The<maximum overali accumulation and transfér of Kepone or food-chain

fgctdr ﬁrom water to algae and finally to oysters was 2.1 (Table 4).
'Thé fobd-chain factor was obtained by dividing the concentration of the
";ontaminant,in the final‘consumer by the concentration of the contaminant
iﬁ.the Qater of the primary producer. The concentration measured in each
consumer can be compared with a lower trophic level to determine the bioaccu-
mulation fadt&r of the contaminant for that predator—pfey pair. Bioaccumulation
factor‘isrsimilar to bioconcentration factor, but the contaminant is in food
énd is coﬁsﬁmed by the predator. The bioaccumulation factor for oysters
consuming algae under these test conditions was only 0.007 (Table 4). These
data indicate that trénsfer of Kepone from algae by oysters was inefficient,
':érAfhat the uptake was ‘masked by éﬁe oyster's ability to depurate the chemical
3quickiy;' l.l ‘. | |
Plénktqn—Mysid—Fish Féod Chain

| 'Sﬁot éécuﬁulated Kepone by consuming live mysids that had grazed on- -
 >_Kep6ne;iaden brine shrimp (Fig. 8; Tables 3, 5). Brine shrimp exposed

Jto 0.1 mg Kepone/% seawater contained whole-body residues of 2.33 ug/g after
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48 hours. Mysids that fed for 72 hours on these brine shrimp contained 1.23 ug
Kepone/g. Kepone concentrations in spot that consumed the mysids for 30 days
were slightly less than those in the wysids (Fig. 9), but uptake of Kcpone
exceeded depuration in fish as indicated by the positive slope of the uptake
curves, The failure for residues to reach equilibrium during the test could
be attributed to the slow depuration of Kepone from fish tissues.

Mysids, which consumed Artemia with residues of 0.05 or 2.33 ug Kecpone/g
(et weight), attained 0.023 (estimated) or 1.23 ug Kepone/g whole-body residues
within 72 hours. The estimated 0.023 pug Kepone/g whole-body mysids, obtained
by assuming the bioaccumulation factor of 0.85 (Table 5) for Kepone transfer
from mysids to fish as observed in the food chain beginning with 0.1 mg/g,
alsq occurred in the food chain that began with 0.05 mg Kepone/g. The residue
in mysids was then estimated to be 0.023 ug Kepone/g, which was consistent with
the estimated bioaccumulation factor of 0.5 for Kepone transfer from Artemia
to mysids for 72 hours. The food-chain factors were different for this food
chain (3.9 compared to 10.5), since the bioconcentration factor for Kepone by
brine shrimp from the lower concentration in water (0.005 mg/%) was less than
that from the higher concentration (0.1 mg/%). The initial bioconcentration
of Kepone from water by planktonic food organisms was the dominant source of
Kepone to each member of this food chain, since bioaccumulation factors were
less than unity.

In the field, lower concentrations of Kepone in seawater could result
in a duplication of Kepone residues found in the fish of this food chain
. because the plankton could be expected to be chronically exposed to the con-

taﬁinant. Thus, the food-chain factor would be expected to increase in the
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natural environment since bioconcentration factors for a chlorinated hydro-

carbon pesticide (DDT) in feral plankton have been shown to exceed 4000X (Cox
1971). However, bioconcentration of Kepone could overshadow the amount of

the chemical rececived from food by the animals in this food chain. Appfoxi— -
mately 3,000 times as much Kepone in food as in water was necded to produce similar
concentrations in spot in 28 to 30 days. Therefore, bioconcentration of Kcpone

was dominant in this food chain, but significant quantities (>85 o/o) of

Kepone transferred from prey to pre&atory fish., Rapid uptake from water and

food, slow depuration, and appreciable solubility in water indicate that Kepone

will transfer through food webs and pose threats to consumers.
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Bioconcentration of Kepene from water containing average measured concentrations of 0.03 cr 0.39 ug/%

by oysters {(Crassostrea virginica) exposed for 28 days, and its depuration by oysters placed in

Kepone-free water for 28 days (mean temperature 14.20C; mean salinity 15 o/oo). ND = not detectable,

<0.02 pz/g wet weight.
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Fig. 2. DBioconcentration of Kepone from water containing average measured concentrations cf C.026 or 0.41 ug/2

by mysids (Mysidopsis bahia) exposed for 21 days (mean tempcrature 27.2°C; mean salinity 18 °/00).
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Fig. 3.

Bioconcentration and depuration of Kepone in grass shrimp (Palzemonetes pugio) during 56-day study.

Circles indicate concentrations of Kepone accumulated from water containing average measured

concentrations of 0.023 or 0.4 ug/f% by grass shrimp exposed in the laboratory for 28 days, and its

depuration by shrimp placed in Kepone-free water for 28 days (mean femperature 27°C; mean salinity -

e © . . 1 . . . o .
25 "/oo). Triangles indicate concentrations in shrimp collected from Lafayette River, Norfolk,

‘Virginia_ahd held in clean flowing seawater at the ERL, Gulf Breeze, for 21 days (mean temperature

: o . 0 . ) . e o .
25.5 C; mean salinity 15 “/oo). Dashed line represents extrapolation to initial concentration at

beginning of depuratioﬂ.
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Fig. 5.

Bioconcentration of Kepone from water containing average measured concentrations of 0.029, 0.40,

1.

wi

%, 3.4%, 4.4%, 12,0%, and 16.0% pg/% by spot (Leiostomus xanthurus) exposed for 4 or 30 days, and

its depuration by fish placed in Kepone-free water for 24 days (mean temperature 23°C; mean

salinity 18 o/oo). *Data from Schimmel and Wilson (in press).
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Distribution of Xepcne in selected tissues of spot (Lejiostomus xanthurus). Spot were exposed to

0.4 ug Repone/? for 30 days and allowed to depurate and equilibrate for an additional 24 days prior

2 0 - o o - s
to sampling (mean tfemperature 23 C; mean salinity 18 /oo). Percentage of whole-body Kepone burden

in five tissues is oa laeft. Measured residues (wet weight) are on right.
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Bioaccumulation of Kepone by oysters (Crassostrea virginica) that consumed algae (Chlorococcum sp.)

with residues of 34 pg Kepone/g (wet weight). Oysters fed on contaminated algae for 14 days

o .. o] .
{mean water temperature 22 C; mean salinity 19 /oo), and were then fed uncontaminated plankton

for an additional 10 days to allow depuration of the chemical. ND =

= not detectable, <0.02 ug/g
wet weight.
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Fig. 8.

=321 -

Block diagram of four-level fcod chain. Nominal concentrations of Kepone in water (lef:t) were

control (bottom), 0.005 mg/% {center), and.l mg/% (top). Artemia salina nauplii, hatched in these

concentrations of Kepone, were fed to mys{ds (¥ysidopsis bahia), and mysids were fed to spot

(Leiostomus xanthurus) for 30 days. Average measured concentrations of Kepone in each trophic

. . o . o
species is given. Mean water temperature was 19 C and mean salinity 18 ~/oo.




KEPONE ACCUMULATION THROUGH FOUR LEVEL FOOD CHAIN
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TABLE 1.

Concentrations of Kepone (pg/g wet tissue) measured in oysters
(C. virginica) exposed to 0.03 or 0.39 pg/e for 28 days, mysids

(M. bahia) exposced to 0.026 or 0.43 ug/s for 21 days, grass shrimp

(P Punxo) exposed to 0.023 or 0.40 pg/2 {for 28 days, sheepshcead
minnows (C. variepatus) exposed to 0.05 pg/f for 28 days, and spot
(L. xanthurus) exposed to C.029 or 0.4 pg/2 for 30 days in flowing

water experiments., Animals were allowed to depurate Kepone for up to
28 days in Kepone-free flowing seawater.

Duration Oysters Oysters Mysids Mysids Shrimp . Shrimp
of 0.03 : 0.39 . 0.026 0.43 0.023 0.40
Exposure ue/s ng/s yg/s ug/f ug/s g/l
(Days) Whole Whole- Whole Whole Whole - Whole

Body Body Body Body Body Body
1/6 0.012 0.19
1/3 0.031 0.53
1 0.036 0.96 - - -
2 - - - - <0.02 0.27
3 - . - - - - -
4 0.11 1.3 <0.04 <0,04
7 - - 0.16 ) 0.33 0.038 0.47
8 0.18 2.2
9 - - - - - 0.072 1.79
11 - - - 0.15 6.3
12 0.21 2.4
14 - _— 0.19 4,7 0.088 2.18
15 0.20 2.5 - - - -
19 0.29 3.5
21 0.23. 3.6 0.12% 4.8% 0.12 3.15
25. 0.19 2.7 : -
28 0.21% 2,2% - - 0.087%* 4,57%*
30 - - - ' - - -
Duration
of
Depuration
1/6 0.30 2.1
1/3 0.30 2.7
1 0.14 1.4
2 - - - - 0.1 2.62
4 0.074 0.18
7 .<0.01 0.18 - - 0.1 2.5
11 <0.01 0.055
14 <0.01 0.039 - - 0.084 1.78
21 <0.01 0.039 - - 0.055 1.5
24 - - - ~ - -
28 <0.01 <0.01 - - 0.035 0.84

*Final day of exposure.
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TABLE 1. (continued).

Duration Minnows Minnows Spot Spot Spot Spot
of 0.05 0.05 0.029 0.029 0.40 0.40
Exposure ug/s NV -oup/ yg/2 ve/t ug/2
(Days) Muscle Vhole Muscle Vhole Muscle Whole
Body Body : Body

1/6
<0.01. <0.01
0.019 0.031

0.086 0.14 <0.02 . 0.037 0.50 0.73

-
En)
o

.19 0.22
15 - : - 0.055 . 0.072 0.86 0.76

21 0.21 0.24

28 . 0.29% 0r37% .
30 L - - 0.048% 0.093% 0.99% 0.94%

Dufation \.
" of

Depuration

1/6

1/3
1
2
4 . .

7 0.21 0.22 0.074 0.093 0.87 1.06

11 N

14 : - - - - - 0.57 0.72

21 :

24 - : - 0.031 0.0469 0.38 0.52

28 :

*Final day of -exposure.
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TABLE 2.  Bioconcentration factors for sclected species exposced to

measured concentrations of Kepone in water.

Exposure * Duration Mcan
Concentration of Exposure _Bioconcentration

Species (ng/s) (days) Tactor
Chlordcdccum Sp. 100. (static) 1 340
Crassostrea virginica ~0.03 i9 9,354
" 0.39 2] 9,278
Artemia salina ?.- (static) 2 lQ
" - 100. . (static) " 23
Mysidopsis bahia 0.026 21 5,962
" 0.41 " 13,473
Palaemonetes pugio 0.023 28 5,127
" 0.4 B 11,425
Cyprinodon variegatus 0.05 " 7,115
Leioétoggg xanthurus 0.029. 30 3,217
" 0.4 " 2,340
n 1.5% 4 1,120
" 3.4* " 941
" A.A* " 1,591
" 12.0% " 900
" " 1,050

*Data from Schimmel and Wilson (in»press).
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TABLE 3. Concentrations of Kepone (ug/g whole body, wet tissue) measured in oysters (C.
algae (Chlorococcum sp.) containing 34 ug/g for 14 days and in spot (L. xanthurus) fed mysids
(M. bahia) containing 0.02 ng/g (estimated) or 1.03 ng/g for 30 days in flowing water experiments.
Oysters were fed uncontaminated plankton for an additional 10 days to allow depuration of the

virginica) fed

chenical.
Duration
of Oysters . Spot o Spot
Exposure fed 34 pg/g fed 0.02 pg/sg fed 1.03 ug/g
(Days) (Estimated) :
Ty T ug/g Whole Body ug/g Whole Bodyv ug/g Whole Bedy
w
5 0 <0.02 <0.02 <0.02
1 5 - <0.02 0.095
7 0.10 - -
10 . 0.18 <0.02 0.15
14 0.21% - -
20 - - <0.02 0.59
30 - 0.015,0.024%* 1.0,1.1%*
Duration
of
Depuration
3 0.075 - -
10 <0.02 - -

*Final day of exposure.




TABLE 4.

Kepone transfer in algac-oyster food chain. Algae (Chlorococcum sp.)

grown in Kepone enriched media for 24 hrs was fed to oysters (C. virpinica)
for 14 days in flow-through feeding experiment.

Control - Exposed
food chain . food chain

(1)

FZ)
(3
(4)
(5)

(6)

Kepone (single dose) in algal
media (mg/L) '

Kepone residues in
algae after 24 brs of
exposure (mg/kg)

Bioconcentration
factor from water

[(2)/(1)]

Kepone residues
in oysters after 14 days
of feeding.

Bicaccumulation factor
from algae to oysters

[(@)/ @1

Food chain factor

[(4)/ ()]

Control 0.1

Control ‘ X = 34
(ND) *

-— 340
Contfol : ' 0.21
(ND)

_— _' .007

*ND

non-detectable (<0.02 mg/kg).'
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Kepone transfer in plankton-mysid-fish food chain. Brine shrimp
(A. salina) were hatched during 48 hrs in Kepone cnriched scawater

and were fed to mysids (M. bahia) for 72 hrs. Mysids were then

TABLE 5.

fed to spot (I.. xanthurus) for 30 days in flow-through feeding

experiment.

Control

food chain

low Exposure
food chain

High Exposure
food chain

- 329 -

(1) Xepone (single dose) Control 0.005 0.1
in brine shrimp
media (mg/5)

(2) Kepone residues Control 0.049 1.3
in brine shrimp (ND)* 0.043 2.4
after 48 hrs of 0.058 3.3 _
exposure (mg/kg) X = 0.050 X = 2.33

(3) Bioconcentration - 10. 23.3
factor from :
water [(2)/(1)]

(4) Kepone residues Control X = 0.023 0.89
in mysids after (ND) (estimated) 1.0
72 hrs of feeding 1.8
(mg/kg) X = 1.23

(5) Bioaccumulation factor - 0.5 0.53
from brine shrimp to (estimated)
mysids [(4)/(2)]

16) Kepone residues Control 0.015 1.0
in spot after 30 days (ND) 0.024 1.1
of feeding (mg/kg) X = 0.0195 x = 1.05

" (7) Bioaccumulation factor - ’>0.85 >0.85
from mysids to spot (estimated)
[(6)/(4)]

(8) Tood chain factor - >3.9 >10.5
[(6)/(1)]

*ND = non-detectable (<0.02 mg/kg).
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© ABSTRACT

The fate of 14C-Kepone was studied in static and continuous flow estuarine
microcosms. Biotic and abiotic transformation and volatilization were not

important processes in these studies. Kepowe desorbed rewdily from salt marsh

sediments and james River sediments. VWhile this desorption was independent of
environmental temperaturcs and salinicy ranges, Kepone residues in seditent
influenced concentrations in the water column. Radioactivity was not cxtractable.
from éome James River sediments, ucing recognizod analytical procedures. 1In

larger continuous flow systens, benthic polychaetes (Arenicola cristate)

accunmulated high residues of Kepone, died, and decomposed. These residues were
never available for desorption compared to sedinient. These date will allow

better prediction of the fate of Kepone in’ the aquatic ervironment.
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. “INTRODUCTION

The "Eavironmental Research Laboratory at Gulf Breeze provides EPA with data
relgted’tq water quality criteria, pesticide registration, ond ocean dumping.'
}‘followingﬁﬁhe contamination of the james River system with Kepone (Figure 1),

_our facility respondcd with necessary data Eﬁgut the towicity of Kenone to estuarine
Qrganisms and'i;s potential for bioaccumulation and biomsgnification (Bourquina
EE.El" 1977a; Hamsen et al., 1977; Schimmel and Wilson,.1977; and Walsh et al.,

A_’1977),« However, serioﬁs questions arose cenccrning the fate of chone'in the
;iver:

. Th;-fate of a pollutant is closely related to its toxicity; forces such as
volatilizggion, sorption, metabolism, and abiotic transformation (photolysis,
hydrélyé;g; chelation) affecf the availability and toxicolﬁgy of pollutants to
aduatic gpecies. A_knowledge of the sites of Kepoge éoncentration and rates of
»exchgpge associated with these sites is neccssary for long term regulatory actions.
Sbrption‘and transformatioA data are needed to determine whcthef the ecosysten
"¢ap'remové the poilutant by degradatién or eventual washout, or whether physical
assiétapce from dredging or damming is necessary. .

fresen;ly, the-researghlproiect at Manhatten Coilege is directed towards
thc»mathéﬁatiéal_analysis and modcling of Kepone in the James River. The
-.pgojeégion §f.ti£é.réquircd to reduce the levcl§ of Kepone by various natural
' processes such as adsorption—desbrpsion and transformation are included as an

importanf‘phagg”of“the-project. Unfortunately, insufficient data ére available for
Kepone.” |

A‘A varigtf;of laboratory microéosms have been developed to study the fate of
pollugéqts in thﬁ estuarine enviroument (Bourquin et al., 1977b). In the fol-
1owing paper,‘two of these systems were usod to examine the potential for movement

and trahsformdtion of 14-C Keponc. These data complement other existing research

efforts and allow better prediction of the environmental fate of Kepone with a

mininum of assumptions. - =332 -




MATCRIALS AND METHOUS

Sediment Collection and Characterization

Range Point sediment was collected from a salt mursh located on Santa Rosa
Sound near Gulf Brecze, Florida. The sediment was passed through a 2-m stainless
steel sicve and fractionated into water-suspendable particulate (P) zad heavier
sediments (S).- Thc suspendable particdlate was prirarily organic detrital
material and combusted completely following ignition. he heavier sa2diments rere
mainly quartz sand with little organic content.

. Sediment grab samnples were collected on two separate occasions from the James
River system. The first samples (4/26/77) werc obtained from the estiary and
stored at]Gulf Breeze under flowing filtercd seawater where they were used for the
majority of the studies to be reported. The second set of samples (8/1/77) vas
collect.. from the river where the turbidity maximum had settled during the siomer.
'Sediments were characterized (Table I) for total organic carbon on ignition
(500°C, & hours) and for particle size usiny the settling 1ate--soil hydrometer
method (ASTM method D422-63, 1964). While the first sct of sanples failed to yield
any significant Kepone residues, the second set of samples contained 0.18 ppm
Kzpone {personal communication, A.J. Wilson, EPA, Gulf Breeze, Flor:da).

) Sinée the majority of James sediment was clay-like material, Ksolinite and

Bentonite clays (Ward Scientific) were included in these studies as reference

sediments (Bailey and White, 1970).

Environmental Fate Scrcening System

A system (Figure 2) consisted of a 125 ml Erlenmeyer flask fitted with a No. 5
Neoprene stopper. A capillary glass gas inlet allowed introduction of air or
nitrogen; the gas exit was fitted to a disposable Pastuer pipette filled with
XAD-4 resin (Rohm and Haas, Philadelphia, Pa.) to trap volatile compounds. The

small size of the system allowed maxinmum replication and examination of different

?
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cnvironmental substrates and processes,  Similar systems were sampled sequentially
with tine tobindicatc rates of trinsport and transformation.

14C-Kepone was used to minimize involved analysis andlto facilitate simula-
tion of envirenmental levels. This chemical was provided by Allied Chemical
Corp. (Princeton, Rew Jersey) with a specific activity of 24.3 uCi/uM und a purity
of 99%. A ;tock solution was preparcd in aéﬁgone such that 10 pl was caquivalent
to 19.9 ug (1,941,000 dpn).
| In the standard analytical procedure (Figure 3), the system was fractionated
inpo water, suspendable particulate, and unsuspendable sediment or sand by repeated
rinsing of the system with cquivalent salinity water; Jares sediments were all
shspendaple with.this proéedurc and wercbnot fractionated any farther. Following
centrifugation (3000 RPM), an aliquot of the water was examined for radioactivity by
scintil{ition_counting (Beckman LS-250 Liquid Scintillzation System, Atlanta, Georgia).
The sediment fractions Qere extracted repeatedly with acctonitrile, with aliquots
'takeqlfof scintillation. Following the addition of 27 sodium sulfatce water to the
solvent extracts (4:1 water/solvent), the aqucous fractions wéré evtracted with organic
solvent (1:1 petroleum ether/diethyl cther) and analyzud by thin layer chromatography
3:1 diqthyl epher/n-hexane;;Quanta Gram LQGDF, Quanta I;du;tries, Fairfield, New
Jersey) and éuForadiography (Birchover Radiochromatogram Spark Chamber, Hitchin,
England). feriodically, the extracts were cléaned on florisil columns‘(z gm, hexane
washed; 20 ml rinée of 5% diethyl ether/hexanc; final elption wiﬁh 50 ml of 1%
methanol/beniene) and analyzed for Kebone, octachloro-Kepone, aﬂd.nonachloro—Kepone
. (standgrds Qrovided by A. J. Wilson, EPA, Gulf Breeze, Florida) by electron capture
gas chromatqgraphy (Hewlctt-Péckard GC Model 58304; N163dctcctor; Model 18850A-G¢
fgrminal;_é mm’ id x 2 m glass, 2% OV-101 oﬁ Gas Chrom Q, 100/120). “Extracted
sediments were dried and combuétcd_ut 900°C (Hlarvey Instrument 0X-200 Combustion

14

System, Hillsdale, New Jersey) to liberate and trap residual radioactivitybas C02.

.
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The XAD-4 resin traps were eluted with 4 m) portions of acetonitrile directly
into two scintillation vials. Since all routes of exit from the systems vere sampled
and: all system components were subjected to a total analysis, a reliable budzet for
radigactivity recovery was calculated for quality control of the data.

Standard experimental conditions included 10 gm (wet weight) of sediment; 10Q ml
of Santa Rosa Sound water (18-24 ppth);_consf&nt témperaturc of 25°C; 12/12 hr.
diurnal lighting (G.E. Vita Gro); vater saturatcd air (Silent Giant); 19.9 pg 1l4-C-
Kepone (1,941,000 dpm) added in 10 pl acetone carrier to water column after 48 hr.
acclimation pe;iod; and duplicate systems sampled. As an indicator of desorption,
wvater was periodically exchanged in systems halfway betueen sampling days by centri-
fugation o} the system sediment and water (3000 RPM), decantation of water for analysis.
and re;uspension of sediment in fresh salt water.

For,Range Point studies, 50 gms (wet weight) of unsuspendable sediment and 2 gms
(wet weight) " of suspendable sediment were added to each system. \

Systems were sterilized by addition of 2 ml (2% v/v) Formalin. Throughout the
study, sterility was confirmed by plating 0.1 ml samples of water on Zoecbell's
media (15 ppth) and observing the lack of colony formation.

Anaerobic systems were completely stcppered throughout the study and were
periodically purged with nitrogen gas.

‘ Fo% éalinity studies, low salinity water (0-3 ppth) was collected from the
Lower Escambia River and high salinity water (28-35 ppth) was collected from the
Gulf of Mexico. James sediment remained suspended in low salinity‘systcms;
radioacti;ity in ‘water was measured after normal centrifugation (ﬁpre; 3000 ﬁPM)
and again after higher centrifugation (Wpost; 10,000 RPM).

Qutdoor séudics (June, 1977) Qere conducted at Sabinc Island (Gulf Breeze,
Florida); sunliéht effccts were examined by comparing light exposed systems to dark
controls (foil-covered). Temperature in the flasks fluctuated fr?m 15°C to 45°c.

Thé effect of Kepone concentration was studied by either amending the isotope

with unlabeled Kepone (Chem Service, Inc.) to produce a tenfold higher concentration
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. than normal (200 yg/system) or diluting to provide a tenfold lower céncentration
(2 pg/system).
For Kaolinite and Bentonite clay studies, 10 gm (dry weight) of clay and 100 ul

of Santa Rosa Sound water were used. Higher centrifugation gpeeds (10,000 RPY)

were required to separate the sediment from the water,

-Continuous Flow System

These systems were designed to study the fatc of pollutants resulting from the
biological activity of aquatic macro biota. A system (Figure 4) consisted of a
standard 38 liter glass aquarium fitted with a plexiglass 1id containing sampling
portals. Air and water entered and exited the system through glass tubing coupled
to No. 8 Neoprene stoppers. Raw filtered sea water (18-24 ppth) was continuously
fed thro&gh’the system with a Harvard Model 1203 peristaltic pump. The system was
aerated continuously, with'exiting air sampled for volatiles by XAD-4 resin traps.

For these studies two systems were structured with 9 cm of Range Point sedi-
ment and Santa Rosa Sound water to the 28 liter mark. The systems vere allowved to
acclimate static with aeration for 48 hrs. (25°C; 12/12 diurnal 1lighting). Twelve

lugwoims (Arenicola cristata) were added to one of the tanks and a flow rate of 1

2/hr wé§ started through hpkh systems (washout rate = 0.1 hr'l); after four days,
the vater fléw was stopped and each system was spiked with 1 mg (100 x 106 dpm) of
14C-Kepone in 0.5 ml acctone. After two days the water flow was again started at
1 ﬁ/pr éor both systems. Aliquots of water (3 ml) were sampled directly for radio-
Fctivity until background levels were obtained.
" Two beds of XAD-4 resin (75 ml wet volume in 250 ml separatory funnel) were
Aalterﬁ&téd at the water exit of each system every 48 hr; following removal from a
sySL%m, the resin was transferred Lo a glass thimble and extracted with methanol in
g a\Soihlqt extractor overnight. Following extraction the resin was returned to
,:Eﬁe separatory funnel, rinsed with water, and used again. Aliquots of the methanol
" were analyze@ directly for radioactivity; like the analytical procedure with the
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screcping systems, the methanol was diluted with 27 sodium_sulfate‘water, extracted,
and analyzed by thin layer chfoﬁatography/autoradiography and gas chromatography.
Cores were obtained by inserting a 1.5 cm i.d. teflon tube into the sediment column,
sealing the top of the tube With a Neoprene stopper? and extruding tﬁe intact core.
. Cores were fractionated and anélyzed like the-screening systems.

Lugworms and algae were homogenized with acetonitrile; the solvent was diluted

with aqueous sodium sulfate and extracted and analyzed like the screening systems.
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RESULTS

Envitonméntal Fate'Screéning System |

Initial studieé éxamined Kepone fate with reference sediments. Previous
experiehée with salt marsh sediment from Range Point (Bourquin et al., 1977c),
made it a good_candidate'for»these stuéies;‘;ﬁ addition,>its high organic content
represented one extreme situation envifonmentally. The results (Table II)
with both unsterile and sterile (27 Forﬁalin) syétems demonsfrate rapid movement
of Kepone into fhe suspendable sediment extract fraction (Pe), with low levels
present in the heavier sediments (Se). Volatility (R) and binding to sediment
(Pc, Sc) wvere not major mechanisms of‘Kepone transport in these sytems. Fol-
lowing.the initial spike at Day 0, an equilibrium was established between'thé
sedimer: and water. Constant levels of Kepone_wére maintained in the water
column (W) even after system washing began on Day 13, resulting in a continuous
‘removal of compounc from the system. Sterility did not affect the movement of
Kepone in these systems. Analysis of radioactivity failed to show any trans-
formation of Keéone throughout the study. | _ .

Otier refereuce sediments included Kaoiinite (low.surfacc area, low cation
exchange capacity) and_Bentonite (high surface area, high cation exchange
capacify) clays. The results in Table III demonstrate differences in Kepone
movement with these sediments. Both systems maintained higher Kebone levels
in the water column comparced to the Range Point systems, although the Bentonite
systems more closely mimicked the salt marsh syséems. Again binding and
volatility were not significant in Kepone transport; however, greater levels
were washed out of both clay systems with time compared to Range Point systems.
Kaoliniée studics displayed thé'grcqtest washout rate of any system studied
with 65% removed from the system after three washings. Kepone did not décomposc

t .
during these studies.
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‘As was previously mentioned, gruab samples were collected from the James
River system on two separatc occasions and displaycd different particle size

distributions and residucs of Kepone. Experimental results with these scdiments

'

are found in Tables IV and V;.Comparing the effects of sterility and aerobiosis.

The data indicate that in most cases the systems behaved sinilar to the Range

_ . Point étudieé. " Aercbhiosis aﬁd sterility did'ﬁot'affcct movement of 14-C Kepones
again, degradation was lacking in all systcams.  lowever, it is Qorth noting the
gfe;ter 1evgis éf bound radioactivity (Pc) in James sédiments collected wheore
the turbidity méximum had settled. This phenomenon was not observed with
sediments c&llected earliei_in the estuary or with Range Point sediments.

The remaiﬁdcr Of these studicé were conducted with James sediment coliected

from the estuary (4/26/77). Systems fortified with tenfold higher and tenfold

lover conéentratiqﬁs of Kepone (Table VI) displayed radioactivity distribution
'siﬁilé;_pé'other studies mentioned. ’quin, Kepone did not degrade in these
»sysﬁems.

lIﬁ‘sfudies with low salinity water, sediment remeined suspanded throughout

.-the water column. Finer particles‘containing»about ten percént of the total
Kéboné w;re hot'fréﬁtionated‘from_thcsc systems at standard contrifugafc specds;
;a Higher,dégreerf ééntrifggation rcgultcd in Kepone water levels similar to
high Saiin;ty systens and the p;eviou§ studies mentioned. Thc suspension of
sédimcptAand sélinity differences did not affect Kepone reméval from the systems
with‘the-gashing ﬁr&cedure; Kepbne did not degrade during this study.

Thé_data iﬁ'Tqble VIII reflect the cffects of environmental sunlight
and'tempefature‘on.xepone novement and transformation. Comparison of these
défa witﬁ otbér‘Systems demonstrate little diffefencé in radiocactivity distri--
bgcion of washdh;. Kepone did.not degrade innthcsc studies after 42 days of

outdoor exposure.’
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Continuous Flow System
With the water flow conditions of this cxperiment (1 2/hr, 48-72 hrs/resin
bed), the resin was c¢fficient in the removal of 1l4C-Kepone from raw seawater
(>99%); the Soxhlet extraction procedure removed all radioactivity f{rem the
resin throughout these studies (>95% recovery). Table IX contains the levels
of radioactivity found in aliquots of water from each syétCm for the first
two weeks of the study. Radiocactivity disappeared faster from water in the
system containipg lugworms, with only half as much as the system witheut
lugworms by Day 2 when the flow was started. At that time some of the lugworns
moved to the surface of theisediment, an indication of unfavorable conditions;
by Day 5 all of the lugworms were dead, with fungal mats forming over the
tissues. One lugworm was removed from the system and found to contain high
levels ¢I radioactivity in its tissues (37 of total spike to system); all of
the'radioaétivity was Kepone, At these levels of accumulation, the biological
‘componént added to this system could contain a'large fraction .of the original
fortification (3% x 12 = 367) and would account for the more rapid removal
of radioaqtivity from the water in that system. The other dead lugworms were
left in'the'system, where- they eventually decayed and completely decomposed.
The radioactivity collected from the beds of resin at the water exit was
graphed ovér time as DPM/24% to compensate for irregularities in sarmpling periods.
The daga-in Figure 5 indicate a similar washout rate of radioactivity from both
systems:ov;f‘the first 70 day period. By Day 48, eighty percgnt of the'original
fortificétion had washed out of the system witﬁoﬁt lugworms and only 407% had
exited the lugyorm systeirt.  All of this radioactivity was analyzed as Kcpone.
By that time the lugworms were completely decomposed and fungal coloanies had

disappearcd from the sediment surface; however, the radioactive Kepone present

in the tissues was not as available for washout as that présent in the sediment.
i
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In fact for the following 42 days (Figure 6), only 4% morce Kepone was washed
out fromieach system,  During that time the water {low rate affected the condition
of the systems and cuport of Kepone. At a flow rate of 0.5 f&/hr, large mats
of algae began to ngW on the glass walls and sediment surface; and Kepone
levels in cziting water equilibrated at 00 pptr. Somples of the algae nover
contained apprecicble levels of radioaetivi;;n At a flow rate of 0.75 &/hr,
the algace disappeared from the glass walls and sediment surface; and Kepone
residues in water reached a new equilibrium at 40 pptr.

Cores taken throughout the study showed l4C-Kepone present in the suspendable
'sediment fractiqn, with little indication.of high levels of binding. Cores
f;om ghe lugworm system taken later in the study (after Day 60), contaired

-30-40% highér levels of radioactivity compared to the system without lugworms.

Analysi~ again revealed only Lepone present in the.radioactivity.




DISCUSSTON

These systems were used to indicate the major cnvironmental components
‘affecting the.fate of Kepone. Extrapolation of these data to the James River

" system is hampered by scvere scaling problems and inadequacies in the experimentel

ﬁrétocél; However, these studies do validate. current ficld menitoring practices
and offér direction for future field vdrk to supplement the existing data base
'for mathematical modeling.

Volatilization and transformation were not significant processecs affecting
Répqne in these studies, which implics that they may not be important mechanisms
of‘gepoﬁe feﬁoval from the james River. Concern with the possible envi;onmental
. formation of dééhlo;inatcd products of Kepon; and their accumulation in tissues
and sediment may be unvarranted; Kepone contaminating the James River is confined
to the agugti@ component and does not represent abhazard to surrounding terrestrial
'communitieé from air tramsport. Current monitoring programs need not expand .
ahql&tiqa%ly to includc”these two areas of potential Kepone fate.

. fhé;gaiiﬁfe to extract fadioactivity from sediment has been characterized

as an.indication of bound residues. The significance of bound residues relative

B

‘to their environmental dissipation, monitoring, and toxicology has been addressed

-l

by others (Kaufman et al., 1976). The availability of these residues for export .
or ach@ulation is an area that requires further investigation. In these

 studies’ bound residues werc only asscciated with sediments collected from the

+ turbidity quimpm, which already contained high levels of Kepone and a greater -

proportion of small particle sizes. The immediate question relative to the James -

»

River system is vhether binding to sediments oécurs_to any great extent or is
merely -an isolated event. Further studies with these systems using other sediments’

from ‘the Jnmes River could answer this question. Kepone levels in sediments from
ficld studies may be only conservative figures.

v
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Studies with different concentrations 6f Kepone, water sclinity, and system
températurc did not show any-changés in the relative percéht distribution or
washout of Kepone. Kepone levels in the water were independcnt.of temperature
and galinity, although lower salinity enhancéd suspensicn of scdiments containing
Kepone. However, Kepone concentrations in the watér column were proportional

-

to the concentrations in tlie sediment.'Systémﬁ at the high concentration (203 ug)
~contained 100 times the water and sediﬁcnt radicactivity of the low concentration
systems at any time; Kepone levels washed out of‘the high cénccntration systazs.
were 100 times those of the low concentration systems. During washout; as
Kepone levels in sediments decreased, concentrations in the water column
decre%sed. While Kepone levels collected in the water resin beds of the continuous
flovw systems equilibrated with time, the overall trend was decreasing Kepone
concent:ations in the water that correlated with lower residues in the sediments.
Environmentally, higher concentrations of Kepone detected in water may be indicative
" of higher Kepone residues in sediments.

Vashout of radioactivity from all systews correlated with decreasing levels
of Kepone in sediment éxfracts. Except for Kaolinite clay -studies, the type of
sediment did not. affect the desorption of Kepone. The Kepone equilibrium betieen
sediment énd water was_not’biologically mediated. The potentizl for Kepone
movemeﬁt.from sediment is important environmentally and represents a continucus
source of exposure to aquatic organisms. In addition, this process is a mechanism
of Kepone removal from the James River system. Greater emphasis on water monitoring
programs using high volume sampling methods will‘provide data related to Kepone
concentrations in sediments énd Kepone export from the system. However, the
reculcitrant nature of Kepone, together with its dynamic-movement potential,

forecast an environmental impact reaching beyond the James River system.
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Lugworms. in continuous flow systems accumuiuted high levels of Kepone;
#-Kepone aid th desorb from thesc tissues following their dﬁcompésition, although
Tit-wéé.éolvcnt extractable. - Kepone -has a stronger association with biological
-tiséue.compafed to sedimeﬁt; this phenomenon could influcnce the distribution -
of Kepone in fhe Jaﬁes River and may'account'for the cerrclation of high sediment
organic content with correspbndiLg higﬁ‘residhes of Kepone from monitoring
efforté (pérsonai communication; 1obert'Huggett; Virginia Institute of Marine

Science).

L v 344w




BIBLIOGRAPHY
Bailey, G.W. and J.L. White, 1970. TFactors Influencing the Adsorption,
Desorption, and lMovcement of Pesticides in Soil. Residue Review 32:
29-92.

Bourquin, A.W., R.L. Garnas, P.H. Pritchard, ¥.G. Wilkes, C.R. Cripe, and
N.I. Rubinstein. 1977b. - Interdependent Microcosms for the Asscssment
of Pollutants in the Marine Environment..International Journal of
Environmental Studies, In press. = - .

Bourquin, A.¥W., M.A. Hood, and R.L. Garnas. 1977c. An Artificial Microbial
Ecosystem for Determining Effects and Fate of Toxicants in a Salt-
Marsh Environment. Developments in Industrial Microbiology 18:185-191.

“Bourquin, A.W., P.H. Pritchard, and W.R. Mahaffey. 1977a. Effects of Kepone
on- Estuarine Microorganisms. Developments in Industrial Microbiology,
19: In press. :

Hensen, D.J., L.R. Goodman, and A.J. Wilson. 1977. Kepone: Chronic Effects
on Embryo, Fry, Juvenile, and Adult Sheepshead Minnows (Cyprinodon variegatus).
Chesapeake Science 18:227-232.

Kaufmar. D.D., G.G. Still, G.D. Pﬂnloon, and S.K. Bandal. 1976. Bound and
Conjugated Pesticide Residues. American Chemical Society Symposium, Series 29.

Schimmel, S.C. and A.J. Wilson. 1977. Acute Toxicity of Kepene to Four Estuarins
' Animals. Chesapezke Science 18:224-227.

Walsh, G.E., K. Ainsworth, and A.J. Wilson. 1977. Toxicity and Uptake of Kepone

in Marine Unicellular Algae. Chesapeake Science 18:222-223.

- 345 -




SEDTMERT CHARACTERIZATION

Total Organic on Ignit10n3

Sand (2.0 - 0.5 mm)
0ld Silt (0.05 - 0.005 m)
New Silt (0.05 - 0.002 wmm)

0ld Conventional Clay
(<0.005 rm)

New Conventional Clay
(<0.007 ™)

TABLL I

1t I 112

4/26/71  €/15/77 &/1/77  Kaoliaite

1.4, 1.5% 4.4% 4.17
47.4% 44.3% 9.4% 8.8%
20.22 25.5% 29.17 25.1%
20.27 27.5% 34.57 34.1%
32.4% 30.2% 61.5% 66.1%
32.4% 28.2% 56.17, 57.1%

R
L

W

~tonite

0.01%

1james Sediment I: Collected 4/26/77; used up to 6/15/77

2James Sediment II: Collected 8/1/77

3500°C; 4 hours.

4ASTH method D422-63, 1964.
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TABLE II )
RANGE POINT SYSTEMS - STERILE AND UNSTERILE

DAY W Se Sc Pe Pc R WASH TOTAL
Unsterile

0 12.0 1.9 0.1 8.7 2.1 - - 94.8
3 5.4 4.0 0.5 69.8 4.2 0.2 - 84.1
6 5.8 3.5 0.7 75.5 6.2 0.1 - 91.8
10 5.6 4.0 0.8 61.8 4.3 0.1 - 76.6
13 . 5.2 3.8 1.0 69.6 6.4 0.2 -— - 86.2
17 3.8 5.8 1.2 67.4 5.5 0.2 4.6 86.5
24 40 6.2 1.2 60.1 5.5 0.2 7.9 85.1
31 3.6 5.4 1.0 43.7 4.7 0.1 11.8 70.3 .
Sterile

0 13.6 4.5 0.2 74.4 1.4 — — 9.1

1 9.4 4.1 0.1 76.7 1.9 0.1 - 92.3

3 6.7 1.8 0.1 79.0 2.6 0.1 — 90.3

6 7.3 1.9 0.2 73.9 3.5 1.3 - 88.1
10 6.9 2.6 0.3 72.0 4.1 0.5 - 86.4
13 6.0 2.3 0.4 69.5 5.6 0.5 - 85.2
17 3.6 5.7 0.9 64 .4 3.5 1.4 7.1 86.6
24 3.3 7.2 1.2 55.3 4.0 0.7 10.4 82.1
31 3.1 7.3 1.2 - 41.1 4.2 1.0 . 4.4 72.3
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S

" DAY

TADLE 11X

KAOLTKITE AND ERNTONITE SYSTLNMS

* &42

Pe Pe R WASIL TOTAL
Kaolinite -'-
0 ,48. 53.1 1.5 - — 102.9
8" 39. 52.2 1.1 0.4 — 93.0
15 35. 50.2 2.0 . 2.0 — 89.2
28 14. 34.0 1.7 5.1 29.8 §5.0
35 10. 17.4 2.8 7.8 48.7 86.7
42 7. 15.7 7.0 1.1 65.8 97.0
é;ntonite
0 70. 27.8 2.6 - - 101.1
8 26. 55.8 3.2 2.6 - 88.3
15 16. 58.0 3.6 3.0 - 81.2
28 7. 54.6 5.0 7.3 15.6 89.8
35 6. 53.4 5.0 5.3 24.1 94.6
6. 48,9 6.4 2.5 32.3 96.2
49 3. 36.7 9.9 2.6 39.0 92,1
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TAYLE IV

JAMES RIVLR SYSTI'MS - ALROBIOSIS AND STERILLTY

DAY W Pe Pec R VASH TOT..L

Unsterile - Aerobic

0 18.5 76.9 2.1 - - 97.5
11 13.0 74.0 5.8 0.3 -- 93.3
18 6.1 58.4 2,2 0.4 9.7 76.8
25 4.5 41.8 3.8 0.1 12.5 62.7

Sterile ~ Acrobic

0 16.2 74.5 2.1 - - 92.8

il 12.3 74.6 5.0 0.4 - 92.3
18 6.4 61.2 1.7 0.2 11.4 80.9
25 3.7 41.6 3.1 1.7 14.1 64.2

Unsterile - Ancerobic

t

R 16.2 72.6 4.4 —_— - 93.2
12 1 12.6 75.9 4.7 — - 93.2
19 12.1 77.1 5.2 - - 94.4

i

Sterile - Anaerobic

5 18.8 72.5 2.7 - - 94.0
12 . 13.4 74.7 1.8 - - 89.9
19 . 11.2 76.6 6.7 - - 94.5
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TALIL WV

. JAMES RIVER SYSTRMS II - COLLECIED 8/1/77; AEROBIOSTS

DAY W Pe Pc R WASH TOTAL
Aerobic -

0 15.9 76.8 5.4 - - 93.1

7 8.1 68.7 26.2 0.1 - 103.1
14 7.2 66.2 23.7 0.2 - 99.3
25 3.9 77.3 10.4 0.2 5.3 97.1
32 3.3 54.0 21.4 0.1 10.5 89.3
40 3.2 42.8 36.6 0.2 13.7 95.9
47 3.0 53.9  20.4 0.5 17.7 95.5
Anaerobic

0 12.1 68.3 16.7 - - 97.1

7 6.3 74.3 18.3 -- - 98.9
14 8.2 72.1 18.1 - - 98.4
25 5.6 79.3 7.8 - 6.5 99.2
32 4.1 53.5 _  30.7 - 12.6 100.9
40 $3.4 41.1 36.6 - 15.6 96.7
47. 3.3 48.0 22.8 -- 20.5

94.6
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TADLE VI

JAMES RIVER SYSTLMS — COMCERTRATTION

~

DAY - v Pe Pe R UASH TOTAL
“Low Concentration ’ )
0 20.4 72.0 6.1 - - 98.5
7 13.2 75.4 7.3 0.4 —- 96.3
14 11.9 70.7 6.5 0.5 -- 89.6
24 7.4 70.1 6.6 0.6 12.4 97.1
© 30 6.6 - 55.2 7.1 1.1 18.9 88.9
35 6.1 64.0 7.4 1.3 26.0 104.8
42 6.3 55.8 6.6 1.2°  32.8 102.7
High Concentration
0 16.1 79.7 4.8 - - 100.6
7 17.5 75.3 5.4 0.2 - 98.7
14 15.5 67.8 3.7 0.3 - 87.3
24 10.0 S4.7 _ 5.0 0.7 16.5 86.9
30 % 8.5 55.5 5.5 1.4 25.9 96.8
35 7.5 49.9 5.8 1.0 36.4 100.6
42 7.1 40.3 4.7 1.5 41.3 94.9
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JAMES RIVER SYSTLNS = SALINITLY

TADLE V1X

DAY Wpre \post Pe Pc R VASH TOTAL
Low Salinity

0 36.8 - 55.6 2.4 - . 9.5

3 27.1 18.9 65.0 4.3 0.1 - 96.5

6 25.9 16.8 59.7 4.6 0.2 - 90.4
10 20.8 14.7 71.9 4.7 0.4 - 97.8
14 22.2 13.4 67.1 5.4 0.8 - 95.5
18 11.6 7.8 64.9 5.8 0.3 12.8 95.4
25 8.7 5.9 59.8 5.5 0.4 19.4 93.8
32 6.4 5.2 55.7 4.9 0.5 24.1 91.6
39 6.4 4.6 52.5 5.6 0.3 30.5 95.3
High Salinity

0 19.1 - 73.2 3.0 - ~— 95.3

3 14.0 12,7 75.6 6.1 0.4 - 96.1

6 12.3 11.0 717 5.0 0.4 - 89.4
10 9.7 ‘9.3 79.7 3.8 0.4 - 93.6
14 9.9 8.4 74.7 6.7 1.9 - 93.2
18 6.4 5.2 69.7 6.1 1.7 9.7 93.6 "
25 5.7 4.9 65.4 6.0 2.1 15.9 95.1
32 4.9 4.2 59.4 5.6 3.8 20.5 94.2
39 4.6 3.6 50.5 7.4 1.0 28.0 91.5
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TABLL VITI

10

JAMES RIVER SYSTENMS - OUTDOOR STUDILLS

DAY W Pe Pc R WASH TOTAL

Light .
0 18.4 69.4 3.1 - - 90.9
3 19.2 69.4 4.8 0.4 -- 93.8
7 16.3 69.7 5.4 T 1.0 - 92.4
10 14.7 67.7 7.6 0.9 - 90.9
.13 11.6 71.4 7.5 0.6 - 91.1
23 9.4 59.1 9.3 1.5 12.7 92.0
32 9.6 45.0 6.5 1.2 24.3 86.6
36 7.1 33.8 4.7 5.1 31.3 82.0
42 5.1 33.3 5.0 2.6 38.6 84.6

Dark

0 19.4 65.9 3.4 - - 88.7
3 17.8 70.5 4.7 1.5 - 9.5
.7 15.1 73.2 5.3 0.9 - 94.5
13.9 73.5 6.6 1.0 - 95.0
'13 11.3 77.0 6.4 0.4 -- 95.1
23 8.0 65.9 9.0 1.6 10.9 95.4
327 7.8 61.3 6.4 3.1 19.0 97.6
36:\ 7.7 43.4 5.9 8.0 29.4 94.4
42 6.2 43.6 5.4 1.7 33.3 90.2
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TABLL IX
RADIOACTIVITY INl UATLR

Radioactivity DPil {3 ml Aliqurots)

WITHOULT VITH
DAY LUCTIOR:IS LUGWORMS
0 16,720 16,326
1 10,790 6,650
2 8,650 4,640
2 begin flow - 1 §&/hr
3 2,510 1,160
4 990 484
5 635 326
7 362 241
8 300 .188
14 135 94
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Figure

Figure
Figure
Figurce

- Figure

Figuré

FIGURES -

Kepone (decachlorooctahydro—l,3,A*metheno~2ﬂ—cyclobu:z(cd)
pentalene-2-one). ’

Environmental Fate Screening System.

Analytical Fractionation Procedure.
Continucus Flow Microcosm.

Continucus Flow Systems: Radioactivity Collected in Vater

Resin Beds.:

Continuous Flow Systems: Effect of Flow Rate Change on
Radioactivity Export.
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Preface

Included in this décuﬁent are-thfee sections which
describe the efforts of the Virginia instituté of Marine
Science's staff on the Role- of gediments in the Storage,
Movement and Biological Uptake of Kepone in Estuarine
Environments. The first section is entitled: ""Kepone in
- James River Sediment," by Maynard M. Nichols and Richard
. C. Trotman. The second, ''Kepone Watér-Sediment Elutriates,"
- by Robert J. Huggett and the third, ”Uptake of Kepone From
Suspended Sediments by Oysters, Rangia and Macoma," is
by Dexter S. Haven and Reinaldo Morales-Alamg.

Also attached is a prqgfesslreport on the EPA funded

James River Hydrographical Survey Study which was conducted

in the late summer of 1977.

- 364 -




KEPONE IN JAMES RIVER SEDIMENTS
An annual progress report to EPA
by 7,

Maynard M. Nichols and Richard C. Trotman
October 1977

1. Purpose.

This study aims to determine where kepone has accumula;ed in
thé bottom sediments; that is, where are the sediment sinks for
kepone? A second aim is to trace the routes aﬁd rates of trans-

, péft; that is, what happens to kepone-bound sediment when released
froﬁ its source? Finally, how long will it take to reduce levels
@f kepone in the sediment by natural processes?

| Results emerging from the study aré of'use to advise state
énd'federal authorities how to clean-up kepone pollution through
ﬁnatufal prbcessés. They provide basicidata on sedimentary pro-
éesses for benthic ecosystem models; they are of use for evalu-
?ating the effects of dredging kepone-rich sediments. As a |
tracer of sediment, kepone provides new informatipn on sediment
-»diSperéal and the circulation of fine-grained material in a

classic estuary.

2. Highlights of Activities.

“Efforts during the period were highlighted by the following:
| ‘Review of James River sediment data to predict fate of

” kepone for program formulation.
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Presentation of paper on results historical review,

- First Kepone Seminar, at VIMS, October 1976.
’?Preliminary field sampliﬁg.of surface sediments along
length of James in tﬁree periods, September, December
1976, and March 1977; 37 to» 52 stations sampled during
each period; 18 cores obtained.

*Co-ordination conferences with EPA program manager,
Dr. Tudor Davies, Gglf Breaze and Virginia State Water
Control Board, October through December, 1976,
*Employment of project personnel, Mr. Richard Trotman,
completed April 1977; sedimentologic effort in full
swing.

*Liason with Battelle Northwest, Dr. Onishi, on field
programs and math model formulation.

-Liason with Manhatten College, Dr. D. O'Conner and

R. Thomanﬁ, concerning formulation of a math model
for sediment and kepone transport.

*Development of structure for mathematical model of
sediment-kebone transport with Dr. Kuo.

-Formuléte plans for suspended sediment-kepone field
study, May 1977.

Follow-up sampling of bottom sediments and selected
cores of dredge disposal sites, July 1977. Continued

lab analyses of these samples and previous samples.
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*Preparation for field study; filters, field equipment,

and field labs for processing suspended sediment, June
through July 1977. ) -
*Field observations, sampling and measurement of kepone
on suspended sediment, currents, and related parameters,
August 1977.

*Laboratory analyses of suspended sediment samples, total
concentration, organic content, September through
October 1977.

*Participation in Second Kepone Seminar and kepone
Symposium at the 4th International Conference on
Estuaries.

*Follow-up sampling of bed sediments in Hampton Roads

and lower Chesapeake Bay in conjunction with closing

of area to crabbing; 12 stations occupied.

Field sampling of bed sediments curtailed in October

1977. Data reduction largely complete.

3. Approach.

Efforts during the period mainly consisted of field sampling,
laboratory analyses, and data reduction. First, historical data
on kepone and James River sediments were reviewed to identify
probable kepone sediment sinks and relative rates of deposition.
Sampling stations were sited throughout the estuary in relation
to water depth, bathymetry, oyster grounds, deposition patterns,

dredge and disposal sites, and in relation to the kepone source.
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- Fleld procedures were worked out to sample freshly deposited sedl-
.ment on the bed as well as in cores at selected sites. Laboratory
procédures were set up to process samples for particle size and
.orgénié content. The horizontél and.vertical distributions of
kepone were delineated graphically and evaluated with time over
_Bné year in relation to baéic information concerning sedimentary
Aprocesses and transport of fine-grained sediment. An attempt was
‘?ﬁéde_to determine from field samples the distribﬁtion of kepone

in relation to particle size and organic content.

’

4, Methbds and Procedures.

Bed sediments were obtained by a Petersen grabdb with a 0.05 m?
| bite~afea.or'a_7.6 cm (3-inch) diameter corer. The corer was
'esﬁééialiy constructed for obtaining soft mud with ﬁinimal dis-
tufbance. Approximately 30 mf\of sedimenthﬁas'obtained from the
_tbﬁ sediment sﬁrface and returned to the laboratory for analyses.
Stations were closely positioned by ranging or sextant bearings
on buoys and landmarks. Samples were frozen pribr to laboratory
' aﬁa1y$es.

B In the laboratory bulk sediment samples. were pfocessed for:
(i):keponebcontent, (2) organic matter'by loss on ignition, and
'9(3) pafﬁicle'siie (percentage sand, silt and clay) by sieving
_éﬁd'pibépte. Additionally, the sieved fraction, less than 63y
_,bf?éamples_éollected in September and December 1976, was analysed
_fpf;BAFh:kepoﬁe content and for particle size by a Coulter Counter.

L?bofatory methods follow conventional procedures described in
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ORIGINAL

SAMPLE
FREEZER .
STORAGE
1 | 1
KEPONE ORGANIC
PARTICLE
ANALYSIS PARTICLE SIZE CONTENT 4 SIZE
OF LOSS ON
BULK oy VALYSES, IGITION < 63y,
SIEVE AND PIPEITE COULTER
COUNTER
[ —
SILT AND CLAY
FRACTION FRACTION,
J KEPONE ANAL,
STORED
< 63y

Figure 1. Scheme for laboratory processing of bed sediments.
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Moncure and Nichols (1968), Standard Methods (1973) and Folk
(1961). Details are given in laboratory instructions on file at
VIMS sedimentological lab. Figure—'l summarizes steps in labora-

tory processing.

S;l-Results and Their Sienificance."

Sﬁatial.va:iabiligx. A special study of vériatiqns in kepdné
'AconceAtrations in bulk.bed sediment over a small spatial range
Qaé“conducted at two selected stations: (1) station 15 in lower
reaches near Wreck Shoal with 3 m water depth and (2) station
‘40a in middle reaches at buoy 62 with 6 m water depth. At sta-
tioﬁ“iS,;four samples were taken at random from the top < 2 cm
df;SQQiment and of the top < 15 cm of sediment, all from the
sé@e ér§b. Table 1 lists the results. Spatial variatibns within
g the 0.05 m? area of the grab are relatively small with s;andafd
Tdéviﬁtiéns.léss than + 7 percent.

Table 1. Vafiation in kepone concentrations in the top < 2 cm

‘and the top < 15 cm of sediment from a single grab;
- station 15, June 15, 1977. :

" Depth Interval "~ Kepone, ppm
- 0-2 em 0.026 . _ _
e I 0.025 Mean : 0.027
0.029 Range : 0,025 - 0.029
R 0.026 Std. Dev.: *+ .002 (+ 7%)
~ 0-6 cm 0.012 Mean : 0.013
Ser ' _ 0.013 Range : 0.012 - 0.013
- ‘ . : 0.013 std. Dev.: + .001 (+ 8%)

At station 40a one sample was taken of the'top < 2 cm of sed-

.imené:fromIIO'successive grabs. The grabs were obtained at random
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waile the vessel drifted over_distances:of 225 m downstream and
135 m upstream from the station. Results of the sampling and
analyses (Table 2) indicate a very«w1de range of values w1th1n a
distance less than 230 m.. Desplte éhe low bottom relief and small

textural differences of the sediment at the site, kepone concen-

trations ranged as much as 0.41 ppm. When surface samples were

" taken at random from 12 successive .grabs at the same station,

number 40a, (Table 2)(an anchor station with an area of about
200 m®) the kepone concentrations ranged 0.47 ppm with a standard
deviation of 44 percent.
Table 2. Spatial variation in kepone concentrations from the
: top < 2 cm of sediment of successive grabs at station
40a, July 5, 1977 (drifc statlon) and July 20, 1977

(anchor statlon)

Drift Station

Downstrean . Upstream , Anchor

225 m _ 135 m Station
0.062 - 0.021 0.27
- 0.074 0.025 - 0.17
0.081 0.029 0.44
0.067 0.023 0.21
. 0.096 0.017 0.14
0.110 0.013 0.27
0.130 0.027 0.33
0.340 0.033 -0.39
-0.360. 0.029 0.34
0.470 0.023 0.61
. 0.61
~Mean : 0,024 0.28
Range : 0.013 - 0. 033
_ Std. -Dev.: 0.006 (25%)
‘Mean : 0.179 , . ...~ Mean : 0.338
Range : 0.062 - 0.470 : Range : 0.14 - 0,61
Std. Dev.: + 0.151 (+ 84%) I Std. Dev.: + 0.153 (* 447)
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The mérked variations are partly due td the sampling process
whgreby'some surface sediment is necessarily washed in the grab
or disturbed at depth. However, most local variations are

- inherenf in the bed sediments which are affected by variations
in»sédur and fill, variations in texture and organic matﬁer.
Such variations define rather broad limits which may be placed
‘on the kepone distribution as a function of location. They
affect "seasonal" distributions inasmuch as the navigational

. capability of relocéting a station is no better than a circle
_130 m,iﬁ‘diameter.

Distribution of Kepone in Surface Sediments. The sediments from

mi&die reaches are the most contaminated. As shown in Figure 2,
a&efage.kepone concentrations in bulk bed sediments from the
chahnél'(>‘4 m depth) are higher between mile 38 and 52 than
neaf;ﬁhe;sburée (mile 63) or farther seaward in the estuary.
‘Thiélis the zoﬁe of the turbidity maximﬁm which lies landward
of ﬁhe inner limit of salt intrusion. Suspended sediment con-
éeptratibns in this zone are higher than elsewhere most of ﬁhe
 'year:>:h
. When longitudinal distributions of kepone are compared for
'Survéys,in December 1976, March 1977, and July 1977, there are
tfn§_3ignificant trends with time. Instead the concentrations
. are relativeiy stable within a range of about 0.10 ppm. How-
,éverl"the average levels of concentration from December 1976

thfdugthuly 1977 in middle reaches (0.15 ppm) are generally
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Figure 2. Longitudinal distribution of average kepone concentrations
in bed sediments from the channel of the James Estuary;
mean of December 1976, March and July 1977 values.
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Figure 3. Horizontal distribution of average kepone concentrations
in bed sediments; mean of December 1976, March and July
1977 values.




lower than those measured earlier by VIMS in September 1976 and
by the Cdrps of Engineers in January 1976 when concentrations
were 0.27 ﬁo 0.48 ppm. | -

- The zone of high sedimenf cont;mination covers both channels_
. and contiguous éhoals. As éhown in‘pian~viéw, Figure 3, aver-
age cqnqehtrations are higher in the reach between Jamestown and
Weyanoke than elsewhere. The highest average concentration 1is
in sediment' from a shoal off Dancing Point. FElsewhere, concen-
'trationé are locally high-OEf mouths of-tributary creeks such as
Bailey's Creek ﬁear the Repon; source, Chippokes Creek, The
' ;Thoréfare, Jamestown and the Warwick River. Substantial con-
Cenﬁratiéns, ranging 0.66 to 1.20 ppm, are found in Burwell Bay.
' However, concentrations are relatively low in narrowed reaches
around Hog Point. Kepone coﬁtént generally diminishes seaward
. from Burwell Bay to Hampton Roads where‘cbnceﬁtrations are less
ithan'0.0lO'ppm. Twelve sediment samples from lower Chesapeake

bBayﬂin September 1977 all had concentrations less than 0.010 ppm.

"~ Distribution of Kepbne at Depth in Sediments. <Contamination of

. - bed sediments'in zones of natural fill (undredged) extends to

aboué 40 cm below the bed surface (Figgre 4). Greatest contam-

: inétion, often exceeding 0.50 ppm, ozcursbét depths of 10 to

20 cm below the surface. However, in cores from shoals in the
shipbing channel where_sedimentétion.is locally fast'(i.é., 30a),
" concentrations increase downward to a depth of 60 to 80 cm. This

o trehd reflects the diminished supply of kepone-rich sediment with

~
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Figure 4. Dapth distribution of kepone in cores from selected sites.
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time sincé the Summer of 1975. Kepone content of old dredged
‘material decreases sligHtly with depth (i.e., cores 4la, 30b,
1.9-7.5); The depth trend results from mixing of sediment dur-
ing dredging and disposal. Tge contaminated sediment is most
Iikély ﬁixed and '"diluted' by uncontaminated sediment and thus
reduceé the overall concentration.

A few sampfes from the Jamestown-Dancing Point reach collected
in May 1957 showed dectable amounts of kepone (.038 and .0l8 ppm).
Although the contént is low, the samples.suggest that the life

span of kepone in the sediments is at least 10 years.

State of Xepone in Sediments. The concentrations of kepone are

ofders of magnitude greater in the bed sediments than dissolved in
-gstﬁary water. An indication of the state of kepone storage in

" the sediments is gained by examining its relation to percent clay
conteﬁt, mean particle size and organic content.

| 'Finér-grained sediments are generally the most contaminated.

A plot of mean grain size versus kepone concentrations throughout

f the estuary (Figure 5a) shows a great deal of scatter. Likewise
~.a plot of percent clay content versus kepone concentrations varies
'widely ‘(Figure 5b). Part of the scatter resultg from the great
variation in textural types throughoyt the estuary whereas kepone
~content partly varies in relation to its source. When kepone
content of samples from a single reach of the estuary is considered,
howevef, there is a trend for higher kepone content in the fine-

| grained sediment with high clay content.
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There is a distinct trend of increasing kepone content with
increasing organic content. As shown in Figurg 5¢, organic-rich
sediments have higher kepone conteat than sediments with low
organic content. As expected,-samples landward from the kepone
source or from zones of scour, display wide scatter. The trend
indicates kepone prefers organic matter, either adsorbed on
detrital particles or ingested when the organic matter was pro=-
duced. As organic matter slowly decomposes in the sediment,
there 'is an opportunity for kepone to escape into interstitial

or overlying water.

6. Discussion.

Sedimentary Sinks for Kepone. The James Estuary is an environ-

ment where much river-borne sediment accumulates. Zones of
active deposition may be expected to be areas of relgtively high
~sediment contaminatioh. On the other hand, zones where the bed
is scoured into older sediment or zones where river-borne sedi-
ments are by-passed, are zones of relatively low contamination. .
Inasmuch as sedimentary processes are relatively slow, deposi-
tion sites are indicators of long-term processes. They are an
end product of short-term variations induced by local wave and
current transport.. ..

Kepone contaminaﬁion is generally greatest in sites of active
sedimentation: (1) the Jamestown-Daﬁcing Point reach which is
also the site of the turbidity maximum, (2) Burwell Bay, and

(3) tributary creek mouths. Zones of sedimentation have been
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delineated in a former study (Nichols, 1972) (Figure 6) from
differences in water depths over 35 and 70 years. The rates of
~sedimentation within the zones probably change with time but
the sites of deposition persisk.

Kepdﬁe concentrations are locally high off the mouth of
Bailey's ﬁreek, the kepone source. However, the main distribu-
tion does not display decreasing concentrations with discance
‘awéy from the sburée. Instead, the main sink is in the middle

-es;qary, the zone of the turbidity maximum where suspended

. sediments are trapped and deposited. Sediments in this zone

are finer-grained than elsewhere, less than 8; mean size. Clay
content in this zone is also higher than elsewhere in the
estuary.

Routes of Transport. From the sedimentation patterns, kepone

distributions and existing hydraulic knowledge of the James, it
“is possible to sketch the probable route of kepone-sediment
. transport. Both the source of kepone and the major squrée of
suspended sediment come from the same direction, landward or
upétream of the estuary. Since the influx of sedimeﬁt from
':Bailéy's Creek is very small in proportion to the influx of
gediment from the main river, it is ;fobable the kepone was
imainly introduced in the dissolved form and bound to suspendea
' sediment from the main river. Since the estuary is fresh above
Jamestown ﬁost of the year, net transport from Hopéwell to

Jamestown is directed seaward. When suspended sediment reaches
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the Jamestown area, transport is slowed down because net velocity
approaches zero in the null zone at the salt intrusion head. The
null zone acts as a dynamic barrier. that restricts seaward trans-

port of river-borne suspended éediment carried near the bottomn.
Only sediment carried near the surface is transported farther seaward
through the upper layer. If this sediment settles downward, it

is carried back upstream to the null zone by landward density
currents through the lower estuarine layer. However, sediment
carried over the shoals may escape the estuary through the upper
layér especially during floods like Agnes. Nonetheless, the bulk
of the sediment load is trapped landward of the null zone. As

a tracer of sediment, kepone supports this fact. Most kepone
concentrations are located in or above the null zone and they
persistlwith time, both over the short-term, 8 months of sampling,
and over the long-term as demonstrated from the distributions at
"depth in cores. The data indicate that it will take a long time,
many years, to reduce levels of kepone in the sediment by natural
processes of decay and dispersal. Part of the kepone will be
buried by "new' sediment but the most significant reduction will
.come'by "dilution" with uncontaminated sediment introduced during
freshets and floods. This trend has already started on the floor

of the shipping channel where sedimentation is locally fast.
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KEPONE WATER=-SEDIMENT ELUTRIATIES

~

Many pollutants have an affinity to sediments which is coverned
by the surface charges on particles. This is particularly true for
some of the trace metals - such as zinc - with the clay mineral
portion of the sediments. The magnitudes of the surface charges are
affected by pH and salinity (Parks, 1967). Therefore, it was necessary
to determine if Kepone behaved in a similar manner because, in the
James River; both the estuarine and the tidal fresh water portions
with their wide ranges of pH and salinity were contaminated by the
pesticide. As well the distribution of Kepone in the bottom sediments
of the James show a marked increase in that portion usually in the
vicinity of the freshwater - saltwater interface. At this boundary
the waters change from fresh, (salinity <0.5") to salihe, (salinities
0.5% éo 20 - 257%). Also in this‘region the pH of the water increases
from near 7 to 8 due to the buffering capacity of seawater. With-
these abrupt changes in pH and salinity coinciding with the change
in Kepone concentration, it appeared possible that fresh water
sédimeﬁts, highly contaminated with the pesticide, were being '"ex-
tracted" by estuarine waters as they traversed this boundary pro-
gre§sing seaward or that Kepone in solution waé not adsorbed by
sediments in saline waters. Therefore, experiménﬁs were conducted
in the laboratory to determine the extractibility of sediment-Kepone
by waters with varying ranges of salinity and pH.

The experimental design included two phases. The first phase
was to determine the accuracy and precision of the analysis of water
for dissolved Kepone and the second phase was to determine the amount
of Xepone rémoved from contaminated freshwater sedimenfs by waters
with,pH's rénging from 6 to 9 and salinities of <0.5% and 20%.
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These ranges of pH's and salinities bracket those found in the
James River. - |
.Phase 1, Water-Kepone Analysis

The method utilized for the Kepone-water extraction was one
developed by The Environmental Protegﬁion Agency, Research Triangle
.Park (1975). It involves liquid extraction usidg benzene as the
organic solvent. The extractions are carried out in seperatory
funnels with 3 successive treatments of the same water with benzene
‘at a ratio of 1:10 benzene to water. The extracts are combined and
then dried by passing-them.thrOugh anhydrous sodium sulfate. The
ébmbined extracts are then analyzed by electron capture gas chroma-
ﬁbgraphy.

Tc check the efficiency and accuracy of the procedure, Kepone
free water, (obtained either from Kepone noncontaminated estuaries
such as the York or from laboratory deionized-double distilled
stoéks), was spiked with known amounts of Kepone, extracted and
.analyZed (Table I).

Phase II, Water Extraction of Kepone From Sediments.

The experimental desigﬁ for this phase involved subjecting
Képone contaminated sediments from the Jamnes River, obtained from-
the fresh water portion, near Hopewell, to waters with varying pH's '
and salinities. The salinities were either fresh, (0.06%), obtained
- from the James River or saline, (19.5ﬂ),-gotten from the mouth of
thé York River at the Virginia Institute of Marine Science's facility.
The pH'S of these waters were adjusted to the desired levels by
addition of either reagent grades of hydrochloric acid or sodium
‘hydroxide.

Affer the desired pH and salinity were achieved, a portion of

wet sediment (100 g ) was placed in a flask and the water (250 ml) was
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added and the mixture was agitated with a Wrist-Action Shaker for

1 hr. Following this the sediments ware separated by centrifugation
aqd.the supernatantrwater was extracted for dissolved Kepone by the
method previously described in the Phase I section of this report.
In all, 36 separate extraction were analyzed and the resulting
water Kepone concentrations were compared to that in the exposed
sediments. The comparisons are }eporged as the percent removed by

a water of a given pH and salinity in Table II.

Discussion:

The data from Phase I clearly show that the Benzene method of
extrgcting Kepone from water yields approximately 85% or better of
the amount of the pesticide froﬁ solutions spiked at 1 ppb to 10 ppb.
However, at concentrations below 1 ppb the efficiency drops greatly -
‘for instance, 647 yield at 0.5 ppb. These yields can be used to
judge the accuracy obtained for Kepone analyses of water by this
method. The precision estimates can be seen from the standard devia-
tions which show + 147 or better for spiked solutions of 1 to 10 ppb.
The precision of the method for concentrations of 0.5 ppb are in the
same range which suggests that a portion of the ”spikeﬁ may be
sorbed to the walls of the glassware or lost by some other means.

Attempts were made to try solvents other than benzene, for
extraction, (ethyl acetate - toluene, methylene chloride) but with
the similar results - dissolved Kepone at concentrations less than
1 ppb may be 100" in error.

Since only at the 10 ppb Kepone concentration were the effect
varyihg salinities on the analysis compared, it is risky to judge
salinify effects on the method. Evenso, there is no obvious effect

using nétural waters of 0.06 and 19.5%.
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The exﬁraction experiments, the results of yhich are given
iﬁ Table II and Figure 1, show that there is no apparent affect
of either éalinity or pH, within the rangzes used which approximate
those found in the James River, on the extractibility of Kep»one
from sediments by water. It must be.kept in mind, however, that
the 'amounts of Kepone extracted were in the tenths of ppb range.
Since the analytical methodology is less than ideal at these con-
centrations some differences could go undetected. Figure I shows
that all results are within 2 standard errors of each other which
”impliés'no difference at the 95" confidence interval.

The data indicate that, if the analyses are correct, the
~pércitioning coefficient of Kepone from sediment to water is apprpx-
imately.6 X 10'4, irrespective of natural ranges of pH and salinity;
‘It1foilows then, that the relatively high concentrations of Kepone
‘at the fresh water-salt water interface and upstream are likely due
.to;the'turbidity maximum (mentioned in the sediment section) rather

than chemical factors such as partitioning.
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TABLE I

Extraction Efficiencies of Kepone from
Water by the Benzene Method

Salinity Adjusted Spiked %. Recovery

_ pH Kepone. Concentration

0%, Deionized Hy0 7.0 10ppb 967,

1" 1" ! 99°/°

" ) 5ppb 87%

" 1" 1t 900/‘,

" . " " . 78°/°

-1 " n . 940/°

1" . 1" " 9S°/°

" ' " lppb 97%

" . 1" 1" ) 72°/°

1] 1t 1" 93"/0

1" " 1" 69"’/

" - v 1] 93«:/:

. " 1" " 560/

n n " : 107:;

1" " 1" ) 8335

" » 1 1 867’

" - ) " 3] 9 ’;/:

" " . 1" ) 8312,

Il : " 0.5ppm 72%

1" " " ) ) Slc/o

n . " " 677

T 1" 1" 7170

12 " t ) 67'7;

" B " " 550/:

" " " . 8070

" . 1 " . 48‘7/3

1] . " 1" . 69°/°

0.06% James R. Hy0 7.0 10ppb 867

) " " - 99°/°

' " " " 929

" " " . 85"/°

" . 1A} [ ] 83"/°

" ll‘ " 77"/0

" " " : 76"/°
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\BLE I (caontinued)

o Adjusted Spiked
Salinity pH Kepone Concentration 7% Recovery
19.5% York R. H,0 | 8.0 10ppb 7547
SN " " 857
" 1] — " 73;:
. ) : -t 997
1 n " 7_/’0/
" (1} 1 1033;
1 . " " 997:
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TABLE 1

Summary

: , Adjusted | Spiked Average yield
Salinity pH Kepone Concentration Anc Standar? dev.

-

Deionized + Distilled 7. "~ 10ppb 98

" Sppb
" lppb
" 0.5ppb
0.06%. James River H,0 7. 10ppb

19.5% York River H 0 . 10ppb




“Salinity

0.06%

Elutriate Results

(bedlmcnt + ppm Kepone)

pH
6.0

7.0

9.0

6.0

7.0

o Y=t=Y=l=X=T=1=1=

OO0

e Yoo

COOo

047
0.06%

.05
.06

.03
.04
.03

.02
.04

Removed
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'

- STD. ERROR - 0.01
0.05 + 0.0l of total
eedlmcnt recoverced at

.- 0.06"

0.08 + 0.04" of total
sediment recovered at
+ 0.06°

STANDARD ERROR 0.01

Kepone in
a pH 6.0 +

Yepone i
apit 7.9

0.08 + .027. of total Kepone in

sediment recovered at
0.06":

STANDARD ERROR 0.01
0.06 + 0.01" of total
sediment recovered at

0.06°
STANDARD ERROR 0.005

0.03 + ? %

0.04 + 0.027 of total
sediment recovered at
19.5"

STANDARD ERROR 0.009
STANDARD ERROR 0.015

0.04 + 0.03" of total
sediment recovered at

pH 8.0 +

Kepone in
pH 9.0 +

Kepone in
pH 6 +

Kepone in
pH 7 & 19.




9.

0

cCoOo0OoOO0CcCCcCOoOOoO

OOO
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0.05 + 0.02"- of total Kepone
in sediment recovered at pH
8.0 + 19.5"

STANDARD ERROR 0.007

0.05 + 0.02° of total Kepone
in sediment recovered at pH
9 + 19.57

STANDARD ERROR 0.012




% REMOVED

JAMES RIVER SEDIMENTS
Extracted with water

i Av.;t 2std errors

I r i

A e O salinity

== 19.5 %o
1 1 1 : 1 1

5 6 7. 8 9
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UPTAKE OF KEPONE FROM SUSPENDED SEDIMENTS
BY OYSTERS, RANGIA AND MACOMA

Introduction

Laboratory studies on the uptake of Kepone from
sediments in suspension by bottom-dwelling organisms were
vndertaken by the Virginia Ingtitute of Marine Science at
Gloucester Point, Virginia on December 1, 1976. The first
two months were speat in acquisition and preparation of
laboratory equipment and space for the experiments.

In the périod of time sincé then, three series of
laboratory experiments were conducted with three species of
bivalves. Eight experiments were completed with the oyster

Crassostrea virginica, five with the clam Rangia cuneata and

one with the clam Macoma balthica. Most of these experiments

involved exposure of the animals to contaminated sediments
in suspension. In :wo of them, however, the animals were
placed in a bed of contaminated sediments with uncontaminated
‘river water flowing over them.
This repoit presentsbthe results of three series

of experiments followed by a discussion.

Materials and Methods

éggaratus

A diagram of the basic arrangement of the apparatus

used .to conduct these experiménts is shown on Figure 1. The
_Aunits labelled A thirough D were used only during the first
series of experiments when ambient river water température

was below 10 C most of the time. York River water was piped
- 394 -
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into a constantly-overflowing box (A) from which it was

pumped throﬁgh heat exchangers (C) into a rectangular cas-

cading trough (D). The latter served to allow bubbles

'created by the escape of dissalved gases to dissipate zelore

reaching the animal trays. This section of the svstem was
not used in the last two series of experiments when river
water temperatures were above 10 C. Then, York River water

was“piped”directly_into a rectangular trough (E) which was

- suspended from the ¢eiling directly above the wet table

that held the experimental trays. Water depth in the trough

wés.maintained at 20 cm by a drain standpipe of that height.
Water to supply the experimental trays was siphoned

out of trough E with .plastic tubing. In the first series

of expefiments wate:r flow rates were controlled by inserting

glass flowmeters (F, in the tubing siphons ahead of the

mixing chambers (I). - In the last two series of experiments

the:flowmeters were omitted. Instead, flows were regulated
by the bore size of the plastic tubing used for siphons.
This eliminated constrictions in ﬁhe tubing caused by adjust-
ablé clamps-which enhanced flow interruptions due to clogging.
Siphons were cleaned daily and flow measurements made before
and after the Siphons were cleaned.

“ Water from the siphons entered a rectangular mixing
chamber made of acrylic plastic (I), 25 cm in length, 16 cm
in.width and 14 cm in height, through a smaller champer (2 cm

long, 3.5 cm wide and 14 cm high). The smaller chamber was

connected to the larger one by a circular opéening with a 2 cm
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diameter. Contaminated sediment suspensions also entered
‘the mixing chamber through the same small chamber. Stock
suspensions were kept well mixed in flasks (H) by magnetic
-S£irrers (J). They were metered into the mixing chamber at
a constant rate by peristaltic pumps (G).

River water and sediment suspensions were mixed
in the mixing chamber by magnetic stirrers. Observation
showed that the mixing was complete before the mixture flbwed
‘cut of tﬁe mixing caamber. Sedimentation in the chamber
was negligible. The diluted sediment suspensions fiowed into
the ¢xperimental trays (K) through a standpipe located at the
.end opposite to the one through which water and sediments
entered the chamber. The system set up was the same for
trays holding control animals except for elimination of
components G and H.

In experimnents with the clam Rangia cuneata, York

-:Ri;er water salinity was reduced to between 5 and g?oo by
&ddition of fresh ground water pumped from a shaliow vell.

A second rectangular trough (P) was suspenced below the one
 :rece;ving York River water (E). York River water was siphoned
(Q) from trough E into trough P. Fresﬁ water was also piped
into a cascading trough similar to D ﬁo eliminate gas bubbles
iAgenerated by the change in pressure the ground water was
subjéctec to before it floweé into trough P. Water of the
fesuiting lower salinity was then siphoned into'thg trays
holding Rangia clams following the same system setup 1abelled

F through K in Figure 1. _
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Figure 2 shows a partial view oi the asparatus
used in the series of expoeriments.

A system of sediment traps was uscd to insure
that no contaminated sediments from our experiments escaped
into the floor drain which emp£ied into the York River. The
first component was the wet table on which the experimental
trays were set.(L in Figure 1). A standpipe about 2.5 cm
high inserted in the drain hole of the wet table converted
.the table into a sediment trap. A plastic circular tank (50
cm high and 30 cm in diameter) received water from the wet
téble thropgh'a pipe reaching close to the bottom. The
tank'overflowed near its top into a series of three rectangular
boxes (114 cm long and 25 cm wide), each with a 15 cm high
standpipe overflow. The third box overflowed into the floor

drain. The sedimen:s and other excess solids obtained in

the experiments were collected in carboys for disposal.

Experimental Trays

Two types of trays were used to hold experimental
animals. In most experiments, a tray made of acrylic plastic
49 ch long, 26 cm wide, and 8 cm high,_were used. The over-
~flow end was 6 cm high and that also was the depth of the
water in the tray. This tray was not compartmentalized and
the animals laid directly on the bottom (Figure 3).

A larger acrylic plastic tray, 81 cm long, 54 cm
wide and 8 cm deep was used in the third series ofIEXperiments

to hold oysters whose biodeposits were collected. A baffle
. .
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at the overflow end of the tray maintained water level at

.a depth of 6.5 cm. These trays were divided into 25 compart-
ments by plastic stripé 2.5 cm high. Each compartment held
cne oyster. The compartments "facilitated separation and

collecticn of biodedosits.

Biodeposits

Biodeposits produced by oysters receiving contaminated
csediments in suspension in the large trays were collected
every day with a bulb pipette. The aggregates collected at
the end cf each weekly period were then analyzed for Kepone.
Every time biodeposits were collected, sediments settling
out by gravity in the same tray were also collected and the
weekly accumulation also analyzed for Kepone contents. Each
day, after biodeposits and sediments had been collected,

. every cormpartment was cleaned of any remaining sediments.

Animals Buried In Mud

A modification to the manner usually used to expose
animals to contaminated sediments, i.e., by flowing sediment
suspensicns over tham, was introduced in the third series
of experiments. Oysters and Rangia were buried partially
and fully, respectively, in beds of contaminated sediments
held in the smaller of the trays described above (Figure 4).
The sediment bed was 4 to 5 cm deep. It was made up of

‘unsieved sediments from the same batch used in simultaneous

experiments with flowing suspended sediments.
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Ovsters were pressed into the sediments at about
a 30° ancle. Up to one-third of their height was below the
sediment surface level. The valve area over the gills pro-
truded akove the seiiment surface. ~Rancia were pressed into
the mud so that almost the whole animal was below the sedi-
ment surface level. Within several hours they had buried
themselves fully into the sediment so that only their siphons
shqwed. Water flowing over the animals and the sediment
bed had no sediments added to it and was approximately two

to three cm deep.

Source of Experimencal Aanimals

The animals used were.obtained from arcas to be
free of-KeponeR. Rangia and lMacoma were collected from the
Rappahannock River and oysters came from the Piankatank
. River. All three species were acclimated to the experimental
temperatures and salinities under flowing-water conditions
at least one week pirior to use. Analysis before start of
each experiment showed them to be free of contamination

- with KeponeR.

Preparation of Sediment Suspension

Figure 5 presents a flow chart outline of the steps
taken in preparation of KeponeR contaminated sediment suspensions.
All contaminated sediments were collected with a sediment
gfab:sampler at Jordan Point, in the James River at Hopewell

and represented the top 6 cm of the bottom. They were trans-
- 399 -




ported to the laboratory in 2 or 3 large plastic bags each
containing about 2(¢ kg of material. The contents of each
bag was mixed and transferred to smaller bags in fractions
of approximately 5C0 ml in volumej: The smaller bags were
stored in a freezer until needed. Only sediments collected
on the same date were used in any one series of experiments.

When needed, a bag of sediments was thawed, mixed
with well water and shaken mechanically in flasks for 12
hours or more. The sediments were then wet-sieved through
a 63 u and the resulting suspension diluted up to 7000 ml
with well water. This volume was labelled as stock suspension
and givern an identification number. It was maintained in
suspensicn by continuous agitation with a magnetic stirrer
éand bar. Subseqguently, to insure homogeneity in dosage,
1t was divided into measured portions by alternately siphoning
a small volume into each of six containers and repeating the
cycle until each container had been filled to the desired
volune,

The sampla2s in two of the containers, with volumes
cf approximately 40) and 200 ml, were uéed to determine the
concentration of Kepone in the suspension and the dry weight
rer unit volume of the sediments in the suspension, respectively.
The suspension in the other four containers, usually with
volumes of 1200 and 1600 ml, was the material to be introduced
into the trays holding experimental animals. The suspensions
in the four containers were diluted in a ratio of 1:4 and
pumped into the mixing chambers.
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Sampling of Animals in Trays

Samples of the animals were analyzed for Kepone
at the start of each experiment é;d at approximately weekly
intervals thereafter for the four-weeks duration of the
experiment. Each sample consisted usually of three or four
animals and at times of ﬁp to eight individuals in the case
of oysters and Rangia. 1In the case of Macoma the number

ranged between seven and fifteen. The shell of each animal

was carefully scrubbed after removal from‘the tray.

Kepone Analysis

Analysis of all samples from concentration of
kepone were done by personnel of the Department of Ecology
and Pollution in their laboratories. Thevmethod used was
soxhlet extraction, fluorosil cleanup and electron-capture

gas cromatography.

Determingtion of Kepone Concentration in Sediments

The concentration of Kepone in the diluted sediment

suspension flowing over the experimental animals was deter-

mined by computation of the product of four factors:

K, = (s0) (k) (4)) (dy)

where f

K, = computed Kepone concentration in diluted
suspension, in ppb

s. = scdiment dry weight per unit volume in
stock suspension, in Kg/1

k . = Kepone concentration determined analytically
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dl = factor by which stock suspension was diluted
prior to being pumped into mixing chambers.

d., = factor by which the suspension being pumped
into mixing chambers was diluted; determined
by the flow rate at’ which 1t was being pumced
and the flow rate of York River water flowing
simultaneously into the mixing chamber.

The factor d, was controlled in each experiment by
selection of peristaltic pump settings that would deliver
a desired flow rate of the sediment suspension into the mixing
chamber. The flow.of river water into the mixing chamber
was also adjusted to the desired rate. Flow of river water
was maintained relatively constant while the flow rate of
contaminated sediments was adjusted so that trays would
receive sediment suspensions at different rates.

Some trays received what was labelled as low
concentrations of siediment (and, therefore, also of Kepone)
while others received medium and high concentrations.
Thréughouﬁ an experiment th 1itio between low, medium and
high concentrations remained fairly constant even though
Kepone concentrations in stock suspensions were variable.

As a result, the concentrations labelled as low were always
significantly lowe) than those labelled medium or high. The
separation of low concentrations from medium and high ones
is the main distinction made between concentrations in this

report.

Preparation of Data for Analvsis

In the course of one series of experiments between

30 and 40 different. stock suspensions (500 ml bags) were used.
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Sediment concentration and Kepone concentration varied frcm
one stock suspension to another:. Consequently, the experi-
mental animals in any one tray were not being exposed to a
constant concentraiion of Kepone éuring the time they were
held in the trays. However, throughout the duration of an
experiment, the ranrio between low, medium and high. concentrations
remained fairly constant. As an aid in interpretation of
results, a weighted mean hourly concentration was computed
for each of the weekly periods as the sum of the products

of the concentration in each stock suspension and the length
of time (in hours) that particular suspension was used,
divided by the total number of hours in the weekly period.
Included in these computations, were short intervals during
which, for a variety of reasons, no sediments were being
added to the water flowing over the animals. These intervals
were usually few and anywhere from 15 min to 2 hour in
duration. Also involved was a final interval of eight to
nine hours at the end of a weekly period when the animals
only recaived river water to allow them to eliminate material
held in their digestive tract.

Despite i{:he mixing done'befbre the sediment sample
was divided into 500 ml fractions, differences 1in sediment
and Kepohe concentrations from one stock to another were
soretimes large. “hus, differences of significant magnitude

were encountered sometimes between the mean hourly concentrations

for the different veekly periods in one experiment. Since

there was a high correlation between the concentration of
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Kepone 1n oyster meats and its concentration in the sediments,
and to eliminate tre effect of the variations between stock
suspensions, the vilues for oyster meats were normalized

by re-computation ased on the meéw hourly concentration of
s

Kepone 1n the sediments over the approximately four-weeks

duration of experiment. The new values represent the con-

centration of Keporie expected in oyster meats if the con-

P
centration in sediments was constant. The normalized values
were computed using a proportional equation.
Results
Féurteen uptaike experiments were completed between

February and Augus: 1977. Eight with the oyster Crassostrea

virginica, five with the wedge clam Rangia cuneata and one

with the clam Macoma balthica. In all but two of these, the

animals were exposid to suspended contaminated sediments in
flowing water. In the other two, oysters and Rangia were
exposed to contaninated sediments by partial or total burial
in an undisturbed bed in a tray.

Exposure periods coasisted of approximately one to four
weeks. Kepone concentrations in the sediment suspension were
computed for each weekly period and for each of the progressively
longer periods that reprasented the total duration of exposure.

Kepone levels in thz sediment suspensions were classified
as low, mediu& and high as labels of coavenience. The mean
hourly concentration for each weekly period in experimenté where
levels were classified as low ranged between 0.020 and 0.058 ppb

(Tables 1-3). 1In experirents where levels were classified as
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medium and high, mean hourly concentrations ranged betwecen
0.040 and 0.153 ppm.

Mean hourly concenﬁrations for the ﬁotal duration‘of
exposure (one, two, three or four weeks) in experiments where
levels were classified as low ranéed between 0.027 and 0.058 ppb
(Tables 4 and 3). In experiments where levels were classified
as mediam or high thé range of meén hourly concentration was
between 0.057 and 0.153 ppb.

Results are presented separately for each of the three
bivalve species. No data are presented for the Kepone concen-
tratipn in animals examined before the start of each experiment
or for control animals because in every case they were under the

level of detectability of the analytical procedure.

Crassostrea vireinica

Figures.6-8 show the concentration of Kepone in oysters
examined at weekly intervals after exposure to contaminated
sediments in suspension in three series of experiments. The
values in parentheses give the mean hourly concentration of
Kepone in the sediments for the weekly period that immediately
preceded removal for anﬁlysis of that particular sample of.oysters.

Results of the first series of experiments showed a uniform
progression in the concentration of Kepone in oysters with time
(Figure 6). There was indication that an asymptotic level had-
been reached after two weeks. There also was a clear separation
between the three lines which' represented high, medium and low
concentrations in sediments. A uniform progressioﬁ was also
evident in the second seriés of experiments although the
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absolute concentrations attained in oyster méats were lower
than in the first series and there was no indication that an
asymptof:ic level had been reached (Figure 7). 1In the third
series there was neither a uniform progression nor suggestion
of an asymptotic level. )

The three sets of lines in Figures 6-8 did not appear
to share a common pattern. However, they did show that the
higher concentrations in oyster meats were associated with the
higher concentrations in the sediments and vice versa. Wnen
the values for Kepone concenﬁration in oyster meats in the three
series of experiments (Tables 1-3) were grouped into three classes
according to selected concentration ranges it was found that
the values for Kepone in sediments also separated into three
fairly distinguishable groups with different means. Eleven
sediment values associated with concentrations in oyster meats
between 0 and 0.10 ppm had a mean of 0.038 ppb (range: 0.020 -
0.C38 ppb). . Twelve values for concentration in sediment associ-
ated with concentrations in oyster meats between 0.101 and 0.199
had a mean of 0.058 ppb (range: 0.023 - 0.088 ppb). Five values
for sediments associated with concentrations in oyster meats of
0.20 ppm or greater had a mean of 0.095 ppb (range: 0.070 - 0.113
ppb).

A plot of concentration of Kepone in oyster meats as a
function of concentration in suspended sediments appears in
" Figure 9. Regression analysis showed a correlation between the
two sets of data (correlation coefficient = 0.781).

Having obtained :his correla:zion, the values for concentration

in oyster meats were normalized on the basis of a constant, hourly
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concentration of Kepone in tHe.sediments. Tﬁe mean hourly
concentration of Kepone in sediments for the whole duration

of each experiment (approximately four weeks) was chosen as
the“normalization constant..'Tﬁe.computed means appear in Table 4.

Plots of the normalized-values for oyster meat concentrations
appear in Figure 10 and 1l1. The marked dips in meat concentra-
tions after two and three weeks of exposure during the third
series aof experiments have been eliminatéd in the normalized
curves. The normalized curves suggest that an asymptotic level
is reached after the first week of exposure in that series.

The curves for the first énd second series were slightly
altered by the conversioa but the original trends shown wgfe not
apprecisbly changed. The cufveé for the first series still
indicate an asymptotic plateau. Curves for the second series,
on the cther hand, still show a trend of increasing concentration
in oyster meats with time. The high value seen for the third week
in the borken line for the first period results from a relatively
high value in the meats.in the original data while the correspond-
ing value in the suspended.sediments was relative1y low (medium
concentration, Table 1).

There were significaht differences in}the temperatures at
- which the three series of experiments-with oysteré were conducted
(Table 6). In the first'serieé,{Yo:k .River waser had to be |
heated.tb raise it to desirabLe'lévels.- The minimum and maximum
daily temperatures recorded near the source of our river water
supply for each of the weekly.periods included in the expériment
were: lst week, 3.2-7.6°C; 2nd week, 6.4-10.4°C; 3rd week,

9.0-12.8°C; and 4th week, 10,0-12;O°C. Water temperaﬁures in the
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cexperimental trays ranged between 14.0 and 21.0°C during the
four weeks included, with tha average beiny between 17 and 18°C
for each of the weekly periods.

The second and third series.of experiments were conducted at
ambient temperatures. These rangéd betwean 18.3 and 25.7°C
during the four weeks of the second series with an average for
each week in the range of 20.9 to 23.5°C (Table 6). During
the third series the overall range was 25.0 to 34.0°C with the
weekly averaze ranging between 26.6 and 29.6°C.

During the first series of experiments, daily salinities
ranged between 17.5 and 22.17 for the four weeks, and the weekly
average ranged from 18.4 to 20.47. (Table 6). During the second
series, the corresponding salinity ranges were 16.2 - 20.3% and
17.1-19.4%. Likewise, the ranges of the corresponding averages for
the third series were 20.2-23.6". and 20.6-23.17.

One of the experiments in the third series involved weekly
analysis of Kepone concentration in the meats of oysters that had
been held partially buried in an undisturbed bed of contaminated
sediments. York River water flowing over the sediment bed was
uncontaninated by Kepona. The concentration of Kepone in the
sediments forming the bed averaged 1777 ppm in two samples
analyzed before the oysters were introduced (Table 7). A mixed
sample from the samz tray analyzed after the oysters were removed
showed a concentration of 2.89 ppm. A sample collected from
the top one centimeter layer of tha tray after the oysters were
removed had a Kepone concentration of 2.24% ppm.

After on2 week La the sediment bed the Kepone concentration

in two samples of oysters averazed 0.037 ppm (Table 7). The
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concentration in oyster mecats decrcased gradually during the
next three weaks below the detectability level of the analytical
techniques, i.e., 0.02 ppm.

Maan size

47]

of oysters used in the three experiments appear
in Table 9. They ranged between“i-and 8 cm in height during the
first and third series of experiments and between 5 and 6 cm in
the second series.

Ovster Biodeposits

Oysters concentrated Kepone in their biodeposits to levels
thousands of times higher than those found in the suspended
sediments (Table 8). The concentration factors for feces ranged
from 11,000 to 55,000. 1In pseudofeces, the range was between
3,000 to 20,000. The concentration in feces was always Higher
than that in pseudofeces bu: the magnitude-of the difference varied
considerably between the paired sampled compared.

Concentration of Kepone in sediments that settled by gravity
in the tray compartments was usually slightly higher than those
in bseudéfcces. However, it was also significantly lower than
that in feces.

Ranzia ¢uneata

Five experinzants ware conducted with the wedge clam Rangia
cuiecata durinz the second and third sevies of experiments. 1In

four, animals were exposed to contaminated sediments in suspension

and in one theoy were buried in a bed of contaminated sediments.

The results obtained for Rangia during the second series

"of experiments are almost identical to those obtained for oysters
during the same series (Table 2, Figures 12 and 7). Most of the
actual values found at any oae weekly interval were close and the

line trends are similar. - 409 -




The data for Ranncia in the thrid ssrics of experiments
waere sonewhat differént from those for oysters (Table 3, Figures
13 and 8). Distribution of the weekly valuas for Ranzia meats
tended to remain at approximately the same level after the first
week with a slight dip in the thifd weex samples. The oyster
data showed a greater vertical displacemsnt of the weekly values.
The data for both animals showed a fairly distinct separation
between the lines for low and high Kepone concentrations in the
sediments.

Rangia buried in undisturbed contaminated sediments
accumulated Kepone to leow levels (Table 7, Figure 13). After the
first week high of 0.05 ppm there was a zradual decrease with
time to 0.03 ppm after four weeks. Ranzia receiving low concen-
trations of Kepone in suspension accumulated slightly more Kepona
than those buried in the sediments even though the latter had a
Kepone concentration several thousand times greater (2 ppmn in the
bed sediments vs. 0.02 to 0.06 ppb in the water column).

Water temperatures in the trays holding Ranzia during the
second series of experiments were slightly lower than duringz the
third series (Table 6). The range during the second series was
between 18 and 20°C and during the third series it was between
20 and 22°C. There was substantially no difference in water
salinities during the two series.

Mean sizes and Rangia used in these experiments appear in

Table 10. They ranged between 4 and 5 cm in height.

Macoma balthica
A single experiment was coanducted with the clam Macoma
balthica during the second series. The Macoma were held in the
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same tray with oysters receiving sediments in:SuspenSion at a
high concentration of Kepone. However, they were. placed in the
tray one week later than the oysters. and consecqaeatly, thaoy
remained in- the tray one week after -all the oysters had bee
removad. . L - -

The Macoma laid directlf on tgc bottom of the tray and,
being fairly small (average height was between 1.4 and l.7 cm;
Table 11) were in close contact with the contaminated sediments
that settled on the tray bottom. Sadiments settling to the
bottom of the experimental trays were removed every two or three
days.

The Macoma accumulated Kepone at the fastest rate of the
three species studied to date. After three weeks the concentra-
tion was 0.33 ppm (Figure 14). During the fourth week there
was a slight drop to D:30 ppm.

Mean water temperatures in the travs holding Macoma ranged
between 21 and 24°C during the four weekly periods (Table 6).
Mean water salinities raaged between 17 and 2375.

Mean sizes of Macoma used in these cxperiments appear in
Table 11. They ranged around 1.5 em in height.

Conditicn indax. Measurements of the meat quality of samples of

the.experlmental animals showad no significant differences between

those aral yzed .at the. start of the experiments and those anaiyzed

after approximately four weeks in the experimental trays.
Discussion

The bivalves Crassostrea virginica, Rangia cuneata and

Macoma balthica concentrated Kepone:from suspended sediments by
factors ranging between '1000 and 3000 over that in the water

column. .
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There was little difference in. the results obtained for Crass-

ostrea and Rangia. Maccma, however, accumulated Kepone in greater
concentirations than the other two species.

Crassostrea and Ranzia showed similar trends in uptake of
Kepone from suspension. This showad that th2 two species have
similar feeding habits. As éuspeﬁsion feceders, thay are rcacting
in a similar manner to the presence of the sediments in suspension.
Such a similarity was reinforced by tha experiments in which
individuals of the two species were buried partly or fully in a
bed of con:taminated sediments. Nzaither one of the two species

Low

(3]

accunulated much Kepone under those circunstances. Water
over the sediment beds was relatively slow and the water-sedimant
inccrfacze was not disturbed.. Tharefore, very little of the
sediment was re-suspeaded. Concentrations in Ranazia ware sligatly
higher than those for oysters and if there is any significance

to the differenze it may be an inlication that by being fully
buried with its siphon close to tha sadiment surface, Rangzia

hai access to sediments not available to oysters.

The data for oysters showed 1 stronz correlation between

3
the mean hourly cencentration of Kepone in suspended sediments,
computed for weekly intervals, and the mean concentration in

oyster samples exposed to those sediments during the same weekly
period. As illustrated in Figures 6-8, usually the Kepone in

oyster meats Jdocreased or increased from one week to the next
following a decrease or increase in Xepone in the sediments during
the intervening week. Tihe validity of such a correlation is further
reintorced by the similarity between tho patterns of the curve

for low and high sediment concentrations in each of the three

series of experimaents.
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A weaker correlation (0.614) was also féund in the data
for Ranzia. Furthar collection of data for Macoma will be
necessary before it can bz determined if the relationship holds
for that species.

This correlation indicates Eﬁag at thz temperatures included,
oysters and possibly other bivalves such as Rangia and Macoma
depurate themselves of Kepone continuously at the same time that
they ingest and accumulate it. Therefore, in order for the Kepone
level to remain at a high level, the Kepone conceAtration in
suspension will also have to remain at a correspondingly high
level.

Consgquently, disturbance of river bottoms contaminated with
Kepone Dy natural processes or other processes initiated By man,
which would result in an increase in the suspended sediment load,
appear to be capable of causing a sharp increase in the levels
of Kepoae in individuals of bivalve populations within reach of the
increased load. On the other hand, it would appear that such an
increase in Kepone in the affected animals would also decrease
sharply once the disturbance is terminated.

It is difficult to evaluate with the data obtained to date .
the influence of temperature on the uptake and depuration of
Kepone by Oystefs and Rangia. More data are required to astablish
that.

Further studies are planned to investigate this relationship
between Kepona in sediments and in bivalves. The effect of con-

centrations in th2 sediments highar than those tested so far will

be considered. The effect of higher water flows capable of
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causing suspension of surface sediments in a bed holding buried
animals will also bhe studied. Experiments that include combina-
tions of contanination and depuration of bivalves will also he
conducted.

The levels of Kepone flowiné‘OVQr animals in experimantal
trays have been fairly low - never higher than 0.15 ppb in the
water column - in the experiments conducted so far. This has

een dictated by restrictions in the capability of our system
aﬁd parzonnal to maintain larger quantities -of sediments in stock
suspensions and flowing over the animals around the clock for
four weeks. Changes required to achieve higher sediment concentra-
tions will be implemented in the forthcoming series of experiments.

The data indicate that a leveling in the concentratioa of
Kepone in oysters and Rangia occurs after the first week of
exposure. Tnis was seen bast in the curves obtained by normali-
zation of the data uasing as a constan:t tha mean hourly concentra-
tien of Kepone in the sediments for the duration of each experiment.
Since no animal samples were analyzed for a period shorter than
one week it is quite possible that the leveling may occur sooaer
than onc week. FEither way, this is another indication of the
efficiency of thesa bivalves to depurate themselves of Kepone
since it is evidently a balance between uptake and depuration that
is responsible for the leveling off in the curves.

Analysis of oyster biodeposits indicated that Kepone 1is
~concentrated in feces to levels many thousand times higher than
it is presont in the water column. These observations re-emphasize
the'importan:e of the effect biodepositicn can have on the

physico~chemical characteristics of sediments. At tha same time
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oysters accumulate Kepone In thelr tissues to levels up to

3000 times that in the water column, they are also re-depositing
high concentrations of the chemical on the bottom. This re-
deposition is being done in the form of material less likely

to be resuspended because of its gature as an aggregate.

Kepone concentration in oyster pseudofeces was not much
different than that found in sediments that settled by gravity
.onto the tray bottom. Therefore, there appears to be no indica-
tion that pseudofeces contribute to the deposition of Kepone-rich
sediments any more than natural sedimentation would. However,
pseudofeces form an aggregate which like feces may also resist
re-suspension to a greater extent than naturally-settling
sediments.

There is no way to establish to what extent sediments
settling by .gravity in experimental trays are included in the
samples of feces and pseudofeces collected. However, the concen-
trations recorded for feces are so much greater than in the
natural sediments and the bulk of the feces was so obviously
greater :than the fine blanket of sediments on the bottom of the
tray, that it can be safely infered that their contribution to

the values recorded for feces are minimal.
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oysters accunulate Kepone in their tissuces to levels up to

3000 times that in the water column, thev are also re-depositing
high concentrations of the chemical on the bottom. This re-
deposition is being done in the form of material less likely

to be resuspended because of its nature as an aggregate.

Kepone concentration in oyster pseudofeces was not much
different than that found in sediments that settled by gravity
onto the tray bottom. Therefore, there appears to be no indica-
tion that pseudofeces contribute to the deposition of Kepnone-rich
sediments any more than natural sedimentation would. However,
pseudofeces form an aggregate which like feces may also resist
re-:zuspension to a greater extent than naturally-settling
sediments.

There is no way to establish to what extent sediments
settling by gravity in experimental trays are included.in the.

- samples of feces and pseudofeces collected. However, the concen-
trations recorded for feces are so much greater than in the
natural sediments and the bulk of the feces was so obviously
creater than the fine blanket of sediments on the bottom of the
tray, that it can be safely infered that their contribution to

the values recorded for feces are minimal.
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Table 1. Concentration of Kepone in sediments and in the
' meats of oysters during successive exposure per-
iods in first serics of Kepone uptake experiments.
24 February - 27 March, 1977

Exposure No. Sediments (ppb)  Meats Concentration
Period days Range Hourly Mean Factor
Mean (ppm)

Low Sediment Concentration

1 6.9 0.014 - 0.0391 0.027 0.086 3185
2 14.8 0.014 - 0.0606 0.037 0.125 3289
3 2L.8 0.003 - 0.045 0.023 0.135 5625
4 29.2 0.015 - 0.046 0.033 0.113 3228
Medium Sediment Concentration o
1 6.9 . 0.027 - 0.083 0.057 0.130 2281
2 14.8 0.027 - 0.142 0.073 0.160 2078
3 21.8 0.006 - 0.091 0.045 0.185 3834
4 29.2 0.029 - 0.092 0.067 0.133 1900
High Sediment Concentration
1 5.9 0.040 - 0.197 0.082 0.185 2256
2 14.8 0.054 - 0.197 0.104 0.250 2294
3 21.8 0.008 - 0.133 0.070 0.210 2838
4 23.2 0.044 - 0.137 0.098 0.257 2495

l1short period of tim2 when no contaminated sediments
were being added to the water flowing over the animals
(i.e., sediment concentration = 0) are not included

in range. However, they were used in computing the
mean. This includes the final 8-9 hours when animals
were allowed to flush out sediments in their digestive
tract prior to removal for analysis.
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Table 2. <Concentration of Kepane in secdiments and in aniwmal
meats during successive exposurc neriods in second
series of hepone uptake experlﬂbnts 13 May - 19

June, 1977.
Exposure No. Sediments (ppb) Meats Concentration
Period Days Range ~HOUr Ly Mean Factor
_mean (ppm)
Lo~ Concentration
Oysters:
1 7.3 0.024 - 0.078%  0.042 0.039 931
2 14.8 0.024 - 0.058 0.035 0.058 1667
3 22.0 0.017 - 0.040 0.026 0.064 2424
4 29.0 0.028 - 0.055 0.038 0.096 2526
Rangia:
1 7.3 0.024 - 0.077 0.039 0.025 641
2 14.8 0.024 - 0.057 0.034 0.050 1453
3 22.0 0.016 - 0.039 0.025 0.048 1912
4 29.0 0.028 - 0.05% 0.037 0.083 2237
- High Concentration
Oysters:
1 7.2 0.054 - 0.178 0.098 0.09 905
2 14.7 0.058 - 0.139 0.086 0.16 1860
3 21.9 0.040 - 0.095 0.063 0.11 1732
4 28.9 0.068 - 0.132 0.093 0.23 2484
Rangia:
1 7.2 0.057 - 0.188 0.104 0.05 - 521
2 14.7 0.061 - 0.147 0.091 0.14 1545
3 21.9 0.043 - 0.100 0.0587 0.11 1644
4 28.9 0.071 - 0.140 0.098 0.22 2254
Macoma:
1 7.5 0.058 - 0.139 0.086 0.13 1512
2 14.7 0.040 - 0.095 0.063 0.19 - 2992
3 21.7 0.068 - 0.132 0.093 0.33 - 3564
4 29.0 0.095 - 0.131 0.098 > 0.30 3067
lshort periods of time when no contémlnated sediments

were being added to the water flowing over the animals
(i.e. sedlment concentration = 0 are not included in
rdnge However, they were used in computing the mean.

" This includes the final 8-9 hours when arrivals were
allowed to flush out sediments in their digestive tracts
prior to removal for analysis.
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Table 3. Concentration of Kepone in sediments and in the meats
of oysters and Rangia during successive exposure periods
in third series of . Kepone uptike experlments 8 July -
9 August 1977.

Exposure No. Sediments (ppb) Meats Concentration
Period = Days Range iiourly Mean Factor
.mean (ppn)

-

Low Sediment Concentration

Oysters:
1 8.0 0.018 - 0.0871 0.047 0.113 2404
2 15.4 0.012 - 0.058 0.020 0.0€7 3330
3 23.4 0.007 - 0.041 0.02¢C 0.049 24350
&4 31.0 0.008 - 0.085 0.035 0.067 2030
Rangia: _
1 | 8.0 0.020 - 0.097 0.058 0.038 1C90
2 . 15.4 0.014 - 0.066 0.026 0.053 2423
3 23.4 0.008 - 0.044 0.024 0.041 17038
4 31.0 0.008 - 0.082 0.041 0.058 1658
High Sediment Concentration
Oysters:
1 8.1 0.046 - 0.223 0.113 0.21 1858
2 15.5 0.031 - 0.096 0.043 0.10 2325
3 - 23.5 0.019 - 0.078 0.040 0.069 1725
4 31.0 0.019 - 0.195 0.088 0.16 - 1818
Ranzia:
1 8.1 0.058 - 0.284 0.153 0.12 784
2 15.5 0.039 - 0.121 0.065 0.12 1846
3 23.5 0.021 - 0.086 0.053 0.085 1604
4 31.0 0.023 - 0.230 0.126 0.125 992

Ishort periods of time when no contaminated sediments were being added to
the water flowing over the animals (i.e., sediment concentration = 0)

are not included in range. However, they were used in computing the mean.
This includes the final 8-9 hours when animals were allowed to flush
out sediments in their digestive tract prior to removal for anal ysis.
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Table 4.

Normalized valuces for

Kepone concentration in
oysters e :posed in laboratory trays te suspen-

sions of sediments contaminated with Kepone.
Presented as a function of the mcan hourly
concentration in sediments for the duration

of each experiment.

Exposure Length Mean Mean Actual Normalized
Period of hourly hoyrly conc. conc.
Exposure conc. conc. Kepone Kepone
(days) Repone Kepone in in
for cach for oyster oyster,
period accumulated meats meats
(ppb) time periods (ppm) (ppm)
(ppb)
First series of experiments (24 Feb - 27 March 1977)
1 6.9 0.027 0.027 0.087 0.097
2 14.8 0.037 0.032 0.125 0.101
3 21.8 0.023 0.029 0.120 0.177
4 29.2 0.033 0.0303 0.113 0.103
1 6.9 0.057 0.057 0.130 0.139
2 14.8 0.073 0.066 0.160 0.134
3 21.8 0.045 0.059 0.188 0.255
4 29.2 0.067 0.0613 0.133 0.121
1 6.9 0.082 0.082 0.185 0.203
2 14.8 0.104 0.094 0.250 0.215
3 21.8 0.070 0.085 0.209 0.269
4 29.2 0.098 0.0903 0.257 0.236
Second series of experiments (13 May - 11 June 1977)
1 7.3 0.042 0.042 0.039 0.032
2 14.8 0.035 0.038 0.058 0.058
3 22.0 0.026 0.034 0.064 0.086
4 29.0 0.038 0.0353 0.096 0.083
1 7.2 0.098 0.098 0.090 0.078
2 14.7 0.086 0.092 0.160 0.158
3 21.9 0.063 0.083 0.110 0.148
4 28.9 0.093 0.0853 0.230 0.210
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Table 41, (con'td)
Normalized values in oyster meats

Exposure Length Mean Mean Actual Normalized
Period of hourly ‘ hourly conc. conc.
Exposure conc. conc. Kepone Kepone
{days) Kepone Kepone in in
for cach for oystfr oystey
period .accumulated meats meats”
(ppb) time periods (ppm) (ppm)
(ppb)

Third series of experiments (8 July - 9 Aug. 1977)

1 3.0 0.047 0.047 0.110 0.072
2 15.4 0.020 0.034 0.006 0.104
3 23.4 0.020 0.029 0.0% 0.076
4 31.0 0.035 0.0313 0.067 0.059
1 8.1 0.113 0.113 0.210 0.133
2 15.5 0.043 0.080 0.100 0.167
3 23.5 0.040 0.0663 0.069 0.124
4 31.0 0.088 0.072 0.160 0.131

1 Determined analytically

2 Normalired value computed proporticnally

3 Mean value reference used in computing normalized values in

oysters
<
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Table 5. Mean hourly concentration of Kepone in
: sediment suspensions flowing over Rangla
and Macoma during the total duration of

each period of exposure in experimental

trays. .
Mean hourly
Total concentration Mcan hourly
duration for cach concentration
of exposure - weekly period for full
_Species (days) (ppb) period (ppb)

Rangia: Second series of experiments (13 May - 11 June 1977)

Low sediment concentration

7.3 0.039 0.039
14.8 0.034 0.037
22.0 0.025 : 0.033
29.0 0.037 . 0.034

High sediment concentration

7.2 _ 0.104% 0.104
14.7 0.091 0.097
21.9 0.C67 0.087
28.9 0.098 0.090

Third secrics of experiments (8 July - 9 August)

Low sediment concentration

8.0 0.052 0.058
15.4 0.026 0.043
23.4 0.024 0.036
31.0 0.041 0.037

High sediment concentration

8.1 0.153 0.153
15.5 0.065 0.111
23.5 0.053 0.091
31.0 0.126 " 0.100
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Table 5, Continued

Mcan hourly

Total concentration Mean hourly
duration for each concentration
~ of exposure weekly period for full
Stecies | (davs) .. (pob) period (ppb)
Macoma: - Second series of experiments (8 July - 9 August 1977)

"High sediment concentration

7.5 0.086 A 0.036
14.7 0.067% 0.075
21.7 0.09R% 0.58
29.0 0.098 0.0E5
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Table 6.

Weekly
Period

i

"1lst Series (Feb.

hepone uptake experiments.

Temperature (C)
Range Mean

24 - March 27, 1977) -

Oysters: _
1st 14.0 - 20.8 17.2
2nd 15.0 - 21.0 17.7 -
. 3rd 16.1 - 20.8 18.5 .
4th 14.8 - 19.6 17.0
2nd Series (May 13 - June 19, 1977)
Oysters: »
lst 18.3 - 25.0 20.9
2nd 21.3 - 25.0 22.4
. 3rd 22.3 - 25.7 23.5
4th 20.5 - 25.0 21.5
Macoma:
1st 21.3 - 25.0 22.4
2né 22.3 - 25.7 23.5
3rd 20.5 - 25.0 21.5
4th 20.7 - 25.9 23.7
Rangia: ‘ \
lst 16.6 - 21.2 18.6
2nd 13.7 - 20.8 19.5
3rd 19.0 - 22.3 20.4
" 4th 18.0 - 21.3 19.2
3rd Series (Julv 8 - August 9, 1977)
Ozsters
1st 26.9 - 34.0 29.6
2nd 26.8 - 32.0 29.3
3rd 25.0 - 30.0 26.6
4Lth 26.5 - 30.9 28.5
Rangia: 1st 20.5 - 24.3 22.9
o 2nd 20.4 - 24.9 22.5
3rd - 19.0 - 22.0 20.3
4th 20.0 - 23.2 21.4
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Range and mcéan of watcer temperature and
salinity in trays holding anlmals during

Salinity (o/oo0)

o HWn

Range Mean
19.3 - 22.1 20.%
19.1 - 20.6. 20.
19.1 - 20.1 19.7
17.5 - 19.2 18.4
17.5 - 19.2 18.3
16.2 - 17.9 17.1
17.5 - 19.5 18.3
18.9 - 20.3 19.4
16.2 - 17.9 17.1
17.5 - 19.5 18.3
18.9 - 20.3 19.4
19.9 - 20.0 19.9

0.5 - 7.3 5.
5.0 - 6.4 5.
1.3 - 7.9 5.
3.2 - 6.4 5.
20.2 - 20.8 20.6
20.9 - 22.1 21.6
21.9 - 22.9 22.5
22.9 - 23.6 23.1
2.8 - 8.7 5.9
3.9 - 8.8 6.1
4.2 - 6.0 5.4
2.3 - 6.8 5.4




Tabla 7. Concentration of Kepone in thce meats of
oysters and Rangia held in control trays
receiving no contaminated sediments and
in test travs partially or fully buried
in unsieved sediments contaminated with
Kepone. July 8 - August 9, 1977. Means
in parentheses.

Kepone Conc.

in Animals : Kepone Ccnc.
Cunmulative Buried in in Control
Exposure No. Sediments Animals
Per.iod - _Davs (ppm) (rom)

A. Oystars (partially buried in test travs) :

1 8.5 : 0.034 £0.007
0.040 :
(0.037)

2 15.9 0.024

(A
o
.
(dn)
©
V)

3 23.9 " 0.014
0.01.
(0.016)

AN
o
o
o
o

3 . 31.6 0.014 <0.004
£0.00Y
(£0.507)

Rangia (fully buried in mud)

1 8.5 0.067 0.011
o 0.035
(0.051)

2 15.9 0.053 <0.006
' 0.039
(0.046)

3 23.9 0.029 <0.003
. 0.035
(0.033)

4 31.6 0.034 <0.007
' 0.031
(0.032)




Table 7 (Continued)

B. Concentration of Kepone

(in ppm)

in unsieved sediments

used in test trays in which animals were fully or partially

buried.

1.

2.

samples at start-of experiment:
sediments used in both travs)

0.71
2.83
(1.77)

Fractionated and mixed samples at end of experiment:

a.

b.

C.

d.

Mixed csample from oyster trays

Sample from top l-cm layer in

ovster tray

Mixed sample from Rangia tray

Sample from top l-cm layer in

Rangia tray
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2.389

2.24

2.12
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Table 9, Conttd)

Exposure Low Medium Hizh A -Animals Control
Period Kepone Kepone " Kepone Buried Animals
conc. conc. corc. in
in in in mud

sedinents sediments sedinents
3 (3) 7.6 (3) 7.5 (3) 6.9 (4) 7.7
(3) 7.5 (3) 7.0 (3) 7.3
4 (4:) 7.1 (3) 7.7 (4) 7.0 (3) 7.7
(4,)A6.8 (4) 6.3 (3) 7.4 (3) 8.2
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Table 11. Mean height (in cm) of Maccma in different
samples analyzed for Kepone during uptake
experiments. Number of animals in each sample
appears 1in parentheses.

Exposure High Control
Period Repone Animals
conc.
in .

sediments

Second series of experiments (13 May - 19 June 1977)

1 (15) 1.7 (10) 1.6
2 (12) 1.6 | (10) 1.6
3 (12) 1.5 (11) 1.6
4 (10) 1.4 (7) 1.6
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Key to idertification of components in Figure 1

A. Constantly-overflowing box providing York River water
supply to system.

B.  Submcersible pump.

C. Heat exchanger system.

D. Cascading trough used to allow escape of gases coming out
of suspension as result of river water being heated up.

E. Constantly-overflowing overhead trough from which water
for experimental trays was siphoned.

F. Flow meter.
G. Peristaltic pump used to meter out sediment suspension.
#. Flask holding sediment suspension.

I. Mixing chamber receiving simultaneously York River water
and sediment suspension.

J. Magnetic stirrer.
K. Experimental tray holding oysters.
:L. WQ; table holding expefimental trays.\
M. Drain pipe maintained a water level of about one-inch
on wet table. This served as first component of a series

of sediment trays.

N. Water from wet table overflowed into a series of three
other scdiment traps:

0. Siphon to mixing chamber of Rangia trays.

P. Constantly-flowing overhead trough from which water of low
salintiy for experimental trays was siphoned.

Q. Siphon used to add river water from Trough E to fresh water
ia Tray P.
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Figure 2. Arrangement of trays, mixing chambers and peristaltic
pumps in third series of experiments in which animals re-
ceived contaminated sediments in suspension. Oysters in
large trays and Rangia in small ones.




Figure 3. Control oysters (A) and Rangia (B) in small trays
at start of third series of experiments.
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Figure

4. Oysters (A) and Rangia (B) partially buried in bed

of sediments contaminat
series of experiments.
selves fully.
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Grab samples collected at
Jordan Point, James River.

v

Mixed and divided into sub-
samples approximately 500 ml
in volume. Bagged and storcd

in frecezcr.

Bag of sediments thawed.

l
Mixed with well water and shaken
mechanically for 12 hours or
more.

I
| Wet-sieved through 63 u sieve.
& \
w /
\' . -
| Diluted up to 7000 ml with ]
well water (stock suspension) .
v | l
Sample taken for determination Divided into measured portions Sample taken for detcrminatico
of FKepone concentration. of sediment concentration

(dry weight per unit vol).
J

Diluted with well water 1:4

Metered into experimental trays

and mixeu with inflowing river

water at proedetermined rates to
approximate predetermined dilutions.

Figure 5. Flow:'chart showing steprs taken in preparation of sediments
contaminated with ¥ ome for introducticn nto trays holding

exporisental animal
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PRELIMINARY ANALYSIS OF KEPONE DISTRIBUTION

IN THE JAMES RIVER

Donald J. O'Connor
Kevin J. Farley

Environmental Engineering and Science Program
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Introduction

The general purpose of this research project is to assess
the effect of synthetic materials, such as pesticides, on ‘the
water quality and ecology of estuarine systems. The present
phase of the project is being specifically directed to the ana-
lysis of the Kepone distribution in the James River estuary in
the vicinity of and downstream from, Hopewell, Virginia. The
ultimate goa{ is to provide a quantitative framework for evalua-
tion of the time required to reduce the Kepone copcentrations to
acceptable levels.

Significant concentrations of Kepone are present in various
pﬁases of the estuarine system of the James River -- in solution,
in suspension, in the sediment and in the food chain, particu-
larly inbvarious species of fish. The interrelationships, or
more specifically, the transport, uptake and release of Kepone,
as shown in.Figure II, are thus affected by both physio-chiémical
mechanisms, as well as bi§~ecologica1 phenomena. The former of
these includes the hydrodynamic transport through the estuarine
system, adsorption to and desorption from tﬁe suspended and bed
solids, and the settling and resuspension of these solids. The
latter incorporates the assimilation and excretion routes
through the various components of the food chain. Although

less significant for Kepone, transfer to the atmosphere, photo-

i

chemical oxidatioh and biological degradation are potentially

significant transport and kinetic processes.
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r

The Distribution of Kepone on Solids

Natural clays of various types, and organic material,‘pés—
sess an adsorptive capacity. The rates of adsorptive reactilons
are being investigated experimentally under controlled laborg-
tory conditions in order to provide realistic kinetic coeffi-
cients for the Kepone analysis: The desorptive characteristics
of both the inorganic and organic fractions of the suspended
solids are also being reviewed. This phenomena of adsorption-
desorption is one of the important transfer routes in the ulti-
mate transfer of Kepone from the system. Based on tﬁe Lanéﬁuir
Isotherms, equations have been developed to predict the spatial
and temporal distributions of Kepone in an advgctive-diSpersive
estuarine'system. However, due to‘the preliminary nature of
this work, the less complex, advective, steady state model was
used-for analysis. Equations governing the water column and

estuarine bed for such a system are as follows:

1. Water

Bml

Solids Ul Ix = —Ksml + ccKum2
8Cl ,
Dissolved Ul P —Ko(rc-rl)mlcl + I\drlml - Kb(Cl--Cz)-KaCl
ﬁPi . .
Particulate ‘pl vt +k6(rc—rl)mlcl—hdrlml—KsrlmlfaKurz(mz—ml)
2. Bed

8m2 Ks

Solids U2 v =+ — ml - kumz




3C2

Dissolved U2 T - —Ko(rc-rz)m202+K r2m2+Kb(Cl-C

d
. 3P2
Particulate U2 Frali +K0(rc—r2)m2C2—K r,m

where:

2)

Ks
qfalpt & 1ok ry(my-my)

the subscripts 1 and 2 denote the water column and estuarine

bed concentrations, respectfully,

and where:

U - horizontal velocity

€C - dissolved Kepone concentration

X = longitudinal distance

K, - adsorption coefficient

r. - solids adsorptive caﬁacity |

r - Kepone concentration on the solids

m - solids‘concentration

Ky - desorption coefficient

Kb - bed diffusion coefficient

Ka - aeration coefficient

P - solids Kepone concentration

KS —.solids settling coefficient

« =~ the ratiq of bed Yglumé to water column .
. volume ‘ |

Ku - solids scour coefficient

- 462 -

[m/sec]
[ug/2]
[meters)
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[ug/sgl
[ug/g)
[g/%]
[1/day]
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[ug/gl

[1/day]
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As a first step, this preliminary analysis was simplified
by various assumptions - subject té verification by the ongoing
field and-labbratory studies. The first of these assumptions -

om, om
solids being in equilibrium i.e. FY and % - 0, appears to be
a safe assumption for the non-saline portion of the estuary. In
addition, the bed solids concentration, m,, was said to be much
greater than the suspended so%ids concentration, ml; the aera-
tion term, Ka, was taken to be negligible; and the solids
adsorptive capacity, r., was assumed to be much greater than
either of the Kepone concentrations on the solids, r, and r,.

The kinetic coefficients - K » K Kg» and K, » were assigned

d’
from the limited data available. Finally, for this "first-cut"

model, the -Kepone concentrations on the bed solids, r were

27
assigned from data; these concentrations were in turn utilized
in predicting the.Kepone'water column concentrations.

Based.on these assignments of coefficients, the longizudinal
distribution of total and dissolved Kepone in the water column
is presented in Figure III along with the State Water Control
Board 1976 Kepone data. The line of total Kepone concentration
fits the data quite well and although the.dissolved fraction of
Kepone is high, this concentration is merely a function of
Kepone kinetic coefficients, Ko and K, - values which'weré

d

obtained from a mipimal ameunt 0of sketchy data. Further analysis
is presently beidg performed which will predict both the water

column and the bed concentrations of Kepone,

The above analysis will be further complicated as the
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saline portion of the estuary is approached. As the lightgr
clay particles which are maintained in suspension in the non-
saline area encounter the saline region of the estuary, floccu-
lation and agglomeration may occur, increasing the size and
possibly the density of the particles. These factors result in
further deposition, which is enhanced by virtue of their occur-
rence in the null zone of the estuary. There are, therefore,

a varlety of significant factors which may account for the accu-
mulation of solids and Keponé in the estuarine bed at the fresh
watér—saline interface. These factors, along with the inability
to assume solids equilibrium in the saline region, have lead to

a detailed investigation of solid material in the estuary.

Hydrodynamic Transport

Since the concentration of suspendeﬁ solids is an important
factor as an accumulation site for Kepone, the temporal and
spatial distribution of the solids within the estuarine systenm
is a necessary element in éhe analysis. The distribution is
determined by the hydraulic transport through the estuarine
system. A two-dimensional (longitudinal-vertical) analysis has

been developed, based on the fundamental principles of momentum,

continuity and state.




In this analysis, under steady state, tidally averaged
conditions, the longitudinal momentum equation for a later-

ally houogeneous estuary is:

2
- 13p 9 _u
0 =235t N L2 (1)
where p = density; p = pressure; N = vertical eddy viscosity;
and u = horizontal velocity. The coordinates for Eq. 1 are

shown in Fig. IV in which the longitudinal x-axis is positive
toward the ocean and the vertical z-axis is positive toward the
bed of the estuary channel. Boundary conditions compatible

with Eq. 1 are,

du

— =0 at = - 2
2 z n (2)
-N du _ C,/u /u at z = h (3)
z d" b’ b
in which -n = surface elevation and h = average depth; Cd =
dimensionless friction coefficient; and uy = velocity at the
bed. The vertical component of the momentum equation is

simply the hydrostatic pressure equation:

s T (4)

O |
Qi
N

i
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In order to solve Eq, 1, the hydrostatic pressure, Eq. 4,
is expressed in terms of the horizontal and vertical distribu-
tion of salinity. The equation of state which specifies the

density as a function of salinity is given by:

©
|

pe(1l + aC) (5)

in which pf = the density at zero salt content and a = 0.000757
(parts pef thousand)"l. The components of the pressure force
are then evaluated in terms of the observed vertical and longi-
tudinal salinity gradients and freshwater flow, which are
assumed known from measurement.

The solution of the above equations indicates that local
rather than boundary conditions control the magnitude and
gradient of horizontal velocity at a particular location. Be-
cause of local control, the velocity at one location is rela-
tively independent of those at other locations., This condition
occurs as a result of decoupling the equations of motion and
~salt transport,

Results of this analysis are presented for Pritchard's June
1950 survey and Nichols' March 1965 survey of the James River in
Figure V and VII resﬁectfully. In addition, the solution also
indicates the depth at which the -net horizontal velocity is
zero. Defining t%is deéth ;t a number of stations and interpo-
lating fof others delineates the plane of no net motion for the
saline intrusion zone of the estuary, Figures VI and VIII. At

the tail of the salinity intrusion, this plane meets the bed of

/
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the estuary. Upstream of this area, the horizontal velocity in
the whole water column is in the seaward direction.

The estuary is then segmented horizontally and the hori-
zontal flow in the surface layer at each vertical cross section
is first calculated. Horizontal flow difference between two
adjacent vertical planés-gives the vertical flow between the
surface and bottom layer, from, which the vertical velocity is
obtained by dividing by the average width of the segment. This
procedure is obviously a solution of the hydraulic continuity.

The vertical flux of salt due to dispersion between the
surface and bottom layers is described by the disperéion coeffi-
cient, €, obtained from the vertical eddy viscosity through
an empirical relationship,

e =N+ RO (6)

where Ri (Richardson number) is defined as:

9P
852

du, 2
D(g;)

Ri = (7)
Equation 6 indicates the relationship between the two coeffi-.
cients, whose general validity has been shown by field data,

as presented by Officer.
The tidal diffusion and velocity shear contributions, which
can be envisioned collectively as a longitudinal dispersion across

a vertical section following the classical one-dimensional estu-

arine analysis, did not exhibit themselves in the portion of the
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estuary that our models were.concerned.

The distribution of salinity was used to test the validity
of the hydrodynamic model - bottom panels of Figures VI and.
VIII. Based on these validations of the hydrodynamic model, an
analysis of suspended solids followed by incorporating the set-
tling and scour rates with the hydrodynamic transport to deter-
mine the distribution of solids. Settling rates, for the
present, were assumed constant down the 1ength_6f the estuary
and this rate was obtained from the average particle size, ﬁsing
a modification of Stokes' Laﬁ. Since little work has yet been
performed on scouring rates in estuaries, these rates were
assigne@ merely to show that a good fit can.be obtained, Results
of this solids modeling, wifh and without the assigned scouriné
rates, are presented in Figure IX.

ASSIMILATION AND DEPURATION OF KEPONE IN THE FOOD CHAIN

The transfer of Kepone from its initial discharge at hope-
well to its accumulation in the fishery stock may occur in a
number of ways. It may be ingested directly from that which is
~dissolved or suspended in the water; it may be assimilated by the
phytoplankton-zooplankton; and it may be taken in by bottom
feeders from the material which has settled in the channel bed.
The predominant sites for settling appear to be downstream from
Hopewell, in the region of -the fresh water-saline interface, and
in, various dead ;;nes iﬁ the fresh and saline regions. Experi-
‘ments involving assimilation and depuration of Kepone by various

-

species are being conducted. The rates of accumulation and
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kinetic factors in a food chain analysis.

pended solids, is as follows:

E%%El = Ko(rc-r)m(t)c - Kdrm(t)
where
r - Kepone concentfation in the biomass
m - biomass concentration
t - time
Ko - assimilation coefficient
L biomass assimilation capacity
C - dissolved Kepone concentration
Kd ~ depuration coefficient

-

-

excretion, equilibrium .conditions and concentrations, lethal

and chronic - are being analyzed in order to incorporate these

Preliminary analysis has been made in evaluating the assi-
milation and depuration kinetics on various species of fish,
Data f;om experimental studies performed at EPA's Culf Breeze
Laboratory are used to evaluate the relevaﬁt coefficients. The
equation utilized in this an;lysis - similar to the Langmuir

kinetic equation for the adsorption to and desorption from sus-

[yg/g]
[g/2]
[days]
[1/day]
[ug/gl
(ug/%1]

[1/day]

The only assumption made in-this analysis was that the biomass
assimilation capacity, rc, was taken to be much greater than the
Kepone concentration in the biomass, r. Results of this ana.ysis

for oysters (Crassostrea, virginica) are presented in Figure X.
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From these results, it can be shown that the bio-ecological
phenomena of assimilation and depuration can be modeled utili-
zing Langmuir kinetics if data for the evaluation of the relevant

coefficients 1s available.

CONCLUSION

The equations presented in this report appear to be suffi-
ciently realistic as a first’épproximation in representing the
various phenomena under consideration. At the present time, the
analysis 1s being extended to treat the ecological system as a
continuum using trophic length as a metric., Given the inputs
from the sources in the vicinity.qf Bailey's Bay, the transport
in the non-saline and saline regions of the James estuary and
the distribution of suspended solids and Kepone, the food chain
model is being enlarged to include the uptake and excretion of
Kepone in the various trophic levels and the predation and
feeding associated with these levels. At this time, the saline
and non-saline regions of the estuary are being combined into
one continuous solution.l Steady state conditions, which repre-
sent average conditions during various seasons of the year, are

being assumed for these preliminary steps of the analysis.
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INTRODUCTION

The National Aeronautics and Space Administration (NASA)
is investigating the potential of remote sensing for monitoring
various parameters in the marine environment in cooperation
with the Environmental Protection Agency (EPA) under Interagency
Agreement IAG-0245. One aspect of this effort is a research
program aimed at developing remote sensing strategies for the
monitoring of industrial outfalls. Recent EPA field studies
have shown that 98 percent of all water discharge points are
detectable by changes in color or temperature which may be
monitored using remote sensing instrumentation.l

Over the past several years, a series of aircraft remote
sensing experiments have been made over the James River at
Hopewell, Virginia. The objective of these flights has been
to investigate the potential of various types of remote sensing
instruments for identification -and quantification of several
water parameters. Aerial mapping cameras were carried on each
of the aircraft experiments, and a thermal band was part of the
multispectral scanner data for all flights except one. It is
the purpose of this document to synthesize the photographic and
thermal data which are presently available, such that appropriate
agencies may assess their value to solution of the Kepone
problem in a timely manner. Industrial outfall plume patterns
over a wide range of tidal and river flow conditions are
presented. A description of the aerial photography system
which gave the best images is also provided.

EXPERIMENTAL CONDITIONS

The Langley Research Center has conducted a total of 30
aircraft remote sensing overpasses in the Hopewell area with:
mapping~quality camers and multispectral scanner instruments.
Table 1 summarizes the environmental conditions and type of
data obtained for each experiment.
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TABLE 1.
SUMMARY OF

HOPEWELL, VA. REMOTE SENSING DATA

DATE Feb. 1,1974 | May 28,1974 | May 17,1977
WIND SPEED 5 kts 10 kts <3 ks
"~ WIND DIRECTION E-NE NW SW(am) NE(pm)
JAMES RIVER DISCHARGE 14,028 cfs 5,306 cfs 2,808 cfs
(AVERAGE = 7,432 cfs) ’
APPOMATTOX RIVER DISCHARGE 1,780 cfs 786 cfs 580 cfs
(AVERAGE = 1,590 cfs)
NUMBER OF OVERPASSES
PHOTO 1 5 24
SCANNER WITH THERMAL 0 1 24
TIDE AT OVERPASS MAX EBB 0.9-2. 0HRS | INCOMING
( CITY POINT ) (3.7HRS AFTER HIGH TIDE
AFTER HIGH) {1.7HRS
BEFORE LOW
T0 1.5 HRS
AFTER HIGH )

The first experiment was conducted February 1, 1974, and consisted
of a single overpass. A mapping camera was used along with an
experimental multispectral scanner; however, that particular
scanner did not have a band for thermal measurements. Wind was
out of the east-northeast and river discharge was higher than
average. Flight overpass occurred with an outgoing tide near

the time of maximum ebb.

‘The second experiment occurred on May 28, 1974k, The mission
included five overpasses with mapping quality photography and one
overpass with a multispectral scanner having a band for thermal
measurements.3 Wind was out of the northwest and river discharge
was below average.2 Again the overpasses occurred on an outgoing
tide.

The third experiment occurred on May 17, 1977, and included
24k overpasses over a 9-hour period. This experiment was a
cooperative effort between NASA, the Virginia State Water Control
Board, and the U.S. Army Corps of Engineers. Winds were very
low and shifted in direction. River discharge measurements
furnished by the Virginia State Water Control Board indicate low
river flow conditions. Overpasses began 1.7 hours before low
tide, covered the incoming flow, and ended 1.5 hours after high
water.
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A detailed description of tidal conditions at time of
remote sensor overpass is shown in figure 1. For ease of
presentation, overpass times are given in hours after high
tide at City Point.. From figure 1, it is clear that remote
sensing data have been obtained over mcst of the tidal cycle.
It must be re-emphasized, however, that river flow and wind
conditions were different on each of the days that experiments
were conducted so caution is required in making a direct
comparison of flow patterns. 1In the discussion which follows,
flow patterns are presented in the order shown in figure 1.
For reasons of brevity, data from all overpasses are not
shown. For the May 28, 197L4, data, photographic results are
presented for the overpass at 0.9 and 1.7 hours. Thermal
images are shown for the overpass at 2.0 hours. Photographic
results are shown for the February 1, 1974, overpass as well
as for the overpasses at 6.9, 8.4, 11.9, and 1.5 hours after
high tide from the May 17, 1977, experiment. As indicated in
table 1, thermal measurements were made for the May 17, 1977,
experiment but are not available at the present time.

RESULTS

A photograph of the May 28, 1974, overpass at 0.9 hour
after high tide is shown in figure 2. The original imagery
was taken on Kodak natural color aerial film from an altitude
of 5.3 kilometers. Unfortunately, the photographic and report
reproduction process results in a considerable loss of contrast,
such that only gross features of the plume are evident. Second-
generation transparencies (copied from the original negative)
do show a marked contrast between the Gravelly Run and Bailey
Creek plumes however. Distinction is possible because of the
different colors of the two discharges.

To enable a reproducible presentation of the Gravelly Run
and Bailey Creek plumes, the second-generation transparencies
for February 1, 1974, May 28, 197k, and May 17, 1977, were
copied on tracing paper for the region from the mouth of the
Appomattox River to beyond Tar Bay. These sketches are meant to
convey the general limits of the plumes but are not intended to
relate to specific pollutant concentrations or those subtle tonal
variations that are visible only on the originals. Figure 3
shows the completed sketch for the overpass at high tide plus
0.9 hour on May 28, 1974. The gray shading generally denotes
the black water masses of the same color as being discharged
from Bailey Creek. The Gravelly Run plume is denoted by the
dotted areas. Sketches of plume patterns were made only for
those situations where water depths were believed greater than
remote sensing penetration depths. Secchi depth observations
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(an indicator of the penetration depth) of Bailey Creek at low
tide from the Route 10 bridge were on the order of 8 cm (3.1 in).
Thus, the bottom was not visible in the aerial photographs for
all but the immediate shoreline areas. The sketches, therefore,
represent plume patterns for the surface waters only.

The sketch of the May 28, 1974, image at high tide +0.9 hour
shows the flow to be predominately downstream (ebb flow). The
Bailey Creek plume is seen to hug the shoreline of Bailey Bay
and move downstream around Jordan Point and into a secondary
channel that passes through Tar Bay. The Gravelly Run plume
covers a wide area immediately at the mouth of Bailey Creek. A
hook-1ike feature near the mouth of Gravelly Run is notable.

Figure 4 shows the sketch of plume patterns 0.80 hour later
(high tide +1.7 hours) on May 28, 1974. This sketch shows a
change in plume patterns caused by the ebb flow condition in the
James River. An extensive movement of the Bailey Creek plume
downstream, beyond Jordan Point, is evident and the Gravelly
Run plume is now located across the mouth of Bailey Creek, in a
more linear, shearing fashion. The hook-like feature in the
previous sketch has shown evidence of downstream migration as
well.

To lend support to the interpretation of the photographic
images, the May 28, 1974, thermal map for the Hopewell area is
presented in figure 5. The image shown is based on raw,
unsmoothed multispectral scanner data which have been calibrated
in an approximate manner using historical data. (Temperature
measurements were not taken in Gravelly Run or Bailey Bay during
the May 28, 1974, experiment.) Both previous studies? and
Virginia State Water Control Board data indicate that the Gravelly
Run discharge is approximately 10°C higher than the ambient
James River water upstream of Hopewell. Figure 5 shows the )
thermal pattern at high tide +2.0 hours or just 0.25 hour after
that shown in figure 4. The shape of the Gravelly Run plume
deduced from the photographic image is very similar to that of
the thermal image 0.25 hour later. The Gravelly Run plume may
be distinguished with remote sensing data because of both its
color and temperature contrasts with the surrounding waters.

Figure 6 is a blownup thermal image showing the Hopewell
waterfront area. In this image, some smoothing was applied
to the raw multispectral scanner data before the map was
produced. In spite of the smoothing process, several small
discharge points along the Hopewell waterfront can be observed
in addition to the effluents from Gravelly Run and Bailey Creek.
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Figure T is a sketch of the Hopewell area as imaged on
February 1, 197k, at high tide +3.7 hours near maximum ebb flow
conditions. Although the river flow conditions and winds are
changed from those on May 28, 197k, (table 1), the features of
the flow are similar to those shown previously. The Bailey Creek
plume is seen to be along the Bailey Bay shoreline, around
Jordan Point, and down the secondary channel into Tar Bay. There
is some evidence of plume flow into the main navigation channel
of the James River. The Gravelly Run plume has much the same
appearance as in figures 4 and 5.

On May 17, 1977, a long-duration experiment was conducted
on the James River which included 24 overpasses of the Hopewell
area by an NASA aircraft carrying both a mapping camera and a
multispectral scanner. The temporal extent of this experiment
is indicated on figure 1. From these photographic images, four
were selected for sketches that exemplify the range of the tidal
cycle included in this experiment. The river flow and wind
conditions were both low on this day as noted in table 1.

Figure 8 presents the conditions of high tide +6.9 hours and, in
fact, is the condition of slack water after ebb. This should
demonstrate the maximum downstream extent of the Bailey Creek
plume just before the tide turns to flood. Because of slack
water conditions, the Gravelly Run plume is seen to extend
outward from shore toward the main channel. Also, the Bailey
Creek plume appears to be sheared off into the main navigation
channel off Jordan Point and mixed to the extent that it is not
visible in the photography after entering the main channel.. The
plume, however, remains highly visible in the secondary channel
into Tar Bay.

Figure 9 shows the condition of high tide +8.k4 hours when
the tide is on the flood. James River water is seen to encroach
upon and move upstream around Jordan Point causing a disorganized
plume appearance. The Gravelly Run plume is now seen to move
upstream toward City Point and in areas, to mix with Bailey
Creek plume waters.

The conditions at high tide +11.9 hours for May 17, 1977,
are shown in figure 10. This corresponds also to slack water
after flood and represents the probable maximum upstream extent
of the plumes on this day. The Bailey Creek and Gravelly Run
plumes have been nearly swept clear of Jordan Point and nearshore
areas of Balley Bay. The Bailey Creek plume is seen to extend
beyond City Point and divide up between the two channels of the
Appomattox and James Rivers. - The Gravelly Run plume appears
extended in an upstream manner and disappears into the main
navigation channel of the James River.
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The final sketch, figure 11, is the condition following
high tide at +1.5 hours, just after the tide is on the ebb.
‘Under these circumstances, James River waters are seen sweeping
into the Gravelly Run plume and dividing the Bailey Creek
plume into two parts, one of which moves up in the main
navigational channel and the other around Bailey Bay and Jordan
Point into the secondary channel. These features may also be
seen in figure 12 which is a reproduction of the near-infrared,
second-generation color transparency from which the sketch of
figure 11 was made.

Of the aircraft remote sensing experiments conducted to
date, the use of color infrared film appears to give the most
descriptive images of the Hopewell area over a wide range of
solar elevation angles and haze conditions. Details of the
photographic system which was successfully used on the May 17,
1977, experiment are described in table 2.

TABLE 2.
AERIAL PHOTOGRAPHIC SYSTEM USED OVER HOPEWELL, VA. MAY 17, 1977

CAMERA AND SETTINGS
Camera - Zeiss aerial mapping
Lens - 152 ecm(6in)

Shutter speeds - 1/115 (morning mission )
1/200 {afternoon mission )

F-stop - Automatic exposure control
ASA number - 80
Field of view - 37 x 37 degrees

FILM AND FILTERS

Film - Kodak 2443

Film format - 22.9x 22.9 cm (9x9in}

Emulsion number - Kodak 206 -2

Filter 1 - KLF 36

Filter 2 - Wratten 12 (minus blue-haze reduction )
AIRCRAFT ALTITUDE - 3270 m (10,730 ft )

AIRCRAFT SPEED - 138 m/sec (268 knots )
IMAGE OVERLAP - 60 percent

It is believed that this system might be useful to other agencies
for monitoring activities in the Hopewell area, particularly if
rapid response capabilities are required.
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CONCLUDING REMARKS °

The National Aeronautics and Space Administration is
investigating the potential of remote sensing for the monitor-
ing of various water quality parameters in cooperation with the
Environmental Protection Agency. Qver the past several years,
some 30 overflights of the Hopewell area have been conducted.
Results indicate that surface-water plume patterns may be
observed with photographic and thermal remote sensing systems.
Long-duration experiments over a significant portion of the
tidal qyéle provide information on hydraulic characteristics
which may aid scientific understanding and analytical modeling
of pollutant transport. Multispectral scanner data of the
Hopewell area, not processed at the present time, may enable
definition of further details concerning river hydraulics and
industrial discharge plume characteristics.
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FIGURE 2. - PHOTOGRAPH FROM MAY 28, 1974 OVERPASS AT
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FIGURE 12. - PHOTOGRAPH FROM MAY 17, 1977 OVERPASS AT
HIGH TIDE + 1.5 HOURS.
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ALLIED CHEMICAL KEPONE INVESTIGATIONS

A. R. Paterson, R, J. Williams, D. E. Scheirer, J. Vitrone

Two investigations have been in progress during the past year at
Allied Chemical in Morristown, NJ that seem to offer some promise in
relation to the Kepone problem. One approach offers a possible means
of immobilization of the material in the James River. The second pre- -
sents a means of destruction for Kepone residues of varying concentra-
tions.

The first investigation was initiated after we observed early in
the year that the majority of the Kepone in the river was associated
with the organic material in the bottom sediment. We decided at that
point to attempt addition of small particles of coal as a means of
adsorbing Kepone and decreasing its availability.

Early experiments indicated that Kepone is removed from solution
by coal and that the removal, though not rapid, continues for at least
28 days. At that point we found that the Kepone concentration had been
decreased by 70%.

The data are as follows:

Initial Kepone Particle

Concentration Size Time % Reduction Stirring
96 ppb -8, +14 mesh 4 days 24% 3 hours
96 ppb : -8, +14 mesh 12 days 35% 3 hours
1.9 ppb -8, +14 mesh 15 minutes 20% 15 minutes
1.9 ppb -8, +14 mesh 3 hours 40% 3 hours
1.9 ppb -8, +14 mesh 1 day 55% 1-1/2 hours
1.9 ppb -8, +14 mesh 7 days 65% 1-1/2 hours
1.9 ppb -8, +14 mesh 15 days 72% 1—1/2 hours
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Further work with coal in the presence of Kepone containing
sediment indicated that the level of dissolved Kepone decreased by
about 50%, when a thin layer of coal was placed on top of the soil.
The procedure and results are as follows:

Procedure

Approximately 21-23 g (dry wt) of James River bottom soil
(Buoy #107) was added to a 60 OD X 142 mmL centrifuge bottle. The
amount of soil was matched to within 0.3 g in a sample pair. A 1-1/2
inch Teflon stir bar was added to each centrifuge bottle followed by
95 ml1 of distilled water. A 5 ml aliquot from a methanolic Kepone
solution (20.8 mg 14¢ Jabeled Kepone dissolved in 200 m1 methanol was
then added to each centrifuge bottle. The Kepone was mixed with the
soil by vigorous stirring for 30 minutes. Each sample pair was then
centrifuged for about 30 minutes. Each sample pair was then centri-
fuged for about 30 minutes to rapidly settle the soil :particles. The
samples were usually left at rest for 1-2 days before adding the coal.
About 1.5 g of -8,+14 mesh coal was added to one of the centrifuge
bottles in each sample pair. The other sample (without coal) in the
pair served as a control. The coal was added without any agitation of
the sample. The amount of coal corresponded roughly to a monolayer of
coal over the soil. After standing at rest for 1 to 12 days, each
sample pair was filtered using a 0.45 Millipore filter to remove any
suspended soil particles. The filtrate was then transferred to a 250
ml separatory funnel and extracted for 5 minutes with 40 ml of toluene.
Four of five drops of concentrated sulfuric acid were added to the fil-
trate to aid in the extraction. Following the extraction, the toluene
was transferred to a 50 ml volumetric flask. The Kepone content was
determined by liquid scintillation using a cocktail consisting of 5 ml
of toluene from the 50 ml volumetric flask and 10 mL of Insta-Gel (Packard).
Results were expressed as the amount of Kepone in a 100 ml of water.

Results of experiments carried out to date are as follows:

Sample 45 with coal 22 ppb remaining in solution

after 12 days 0 .
Sample 46 without coal 42 ppb remaining in solution 48% Reduction

after 12 days

Sample 49 with coal 19 ppb remaining in solution

after 4 days 0 .
Sample 50 without coal 44 ppb remaining in solution 57% Reduction

after 4 days

Sample 53 with coal 37 ppb remaining in solution

after 12 days .
Sample 54 without coal 50 ppb remaining in solution 26% Reduction

after 12 days




Sample 57 with coal 40 ppb remaining in solution
after 1 day 37% Red .
Sample 58 without coal 63 ppb remaining in solution > Reduction
after 1 day

We are hoping to run some tests in the near future with living
organism to evaluate the effect of added coal on Kepone uptake.

The second investigation involves destruction of Kepone through
the use of caustic solutions at elevated temperature and pressure.

Materials chosen for testing were Kepone, Mirex and three samples
of clean-up wastes from the Baltimore plant. In general, samples were
mixed with water to form solutions or slurries, concentrations up to
about 5%, in the presence of sufficient sodium hydroxide to provide a
one-half molar solution of sodium hydroxide at the completion of the
reaction, and held in the gresence of oxygen from two to ten minutes
at temperatures of 300-350°C. Sufficient pressure, 2000 psi - 2200 psi,
was applied to maintain water in the liquid state. Alkali was used to
aid dehalogenation and prevent the formation of a substantial carbon
dioxide gas phase.

Experimental variables have not been exhaustively explored, but
conditions were found at which Kepone concentrations in the reaction
product were reduced to less than the 1imit of detection using gas
chromatography with detection by electron capture. The rate of Kepone
disappearance under these conditions appears to be at least three orders
of magnitude per minute. The results for Mirex were the same.

An additional goal was destruction of all organic matter in the
samples. That this was achieved was evident from the chromatograms
obtained in the analyses.

Our conclusions at this point are:

1. The'high-temperature hydrolysis and oxidation is a technically
feasible means for disposal of Kepone and Kepone-bearing wastes.

2. The procedure should have wide applicability in disposing of
‘ha1ogenated organics and organics in general.

3. The process would have an advantage over incineration in that,

in the event of mishap, the material in process could be contained
readily and recycled if decomposition were incomplete.
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SUMMARY OF KEPONE SEMINAR ISSUES

by

Martin W. Brossman

Environmental Protection Agency
Washington, D.C.

The past two days' presentations and discussions have provided a
comprehensive survey of much of the work related to the problem of
Kepone contamination in the James River. I'1l now try to place this
material in perspective and describe the interrelationships. A solution
to the Kepone contamination problem in the James obviously involves a
full assessment of the nature and extent of the current contamination,
knowledge of the effect of the contamination on human health and the
environment as well as its social and economic impact, an analysis of
potential mitigative measures and an eventual assessment of various
action-no action alternatives. Except for the last item--assessment of
various action-no action alternatives--we have heard presentations and
discussion directed to all of these issues. It would serve no useful
purpose now to categorize each individual presentation we have heard
into the issues I have listed. However, much of the work described here
today is either being utilized in, or is an integral part of the Kepone
Mitigation Feasibility Project we are conducting at EPA. Our project
approach has been organized to address each of the issues I have cited.
Therefore a discussion of the project itself may be the most useful way
to place the types of efforts discussed here in perspective. A few
background facts may be helpful.

The Governors of Virginia and Maryland, in the Fall of 1976, jointly
requested that EPA evaluate the Kepone contamination of the James River
and its tributaries, and explore corrective or mitigative actions. 1In
response to this request, a two-phased project plan was adopted. Phase
[ involves a detailed assessment of: (1) suspected continuing sources of
Kepone contamination; (2) the fate and transport of Kepone in the James
River system; (3) the current and long-range effects of Kepone contami-
nation on the biota; and (4) an evaluation of mitigation and removal
methods. The results of Phase I are to provide a basis for action
recommendations. Following a review of the Phase I recommendations by
EPA and the States of Virginia and Maryland, Phase II may involve a
decision to: seek funding for a major cleanup or mitigation program;
proceed with pilot testing of alternative corrective and mitigative
actions; or withhold action due to unfavorable cost/benefit assessments.
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An allocation of $1.4 million was made for the Phase I effort. A
comprehensive work plan was developed and support studies were arranged
with the U.S. Army Corps of Engineers, the Energy Research and Develop-
ment Agency (ERDA), the EPA Gulf Breeze, Florida, Environmental Research
Laboratory, and the Virginia Institute of Marine Science. Engineering
studies to contain, stabilize, or remove Kepone-contaminated sediments
have been conducted and eighteen alternatives to mitigate the Kepone
problem have been evaluated. In addition, the Corps has contracted with
the U.S. Fish and Wildlife Service to investigate the wetland ecosystem
to compare plant and animal distribution patterns with unaffected areas.

. Under the interagency agreement with ERDA, the ERDA/Battelle Pacific
Northwest Laboratories are: (1) conducting sampling and analysis of the
suspected sources of Kepone contamination into the James River; (2)
obtaining in cooperation with the Virginia Institute of Marine Science,
water quality, sediment, hydrological and other data on the James River;
(3) modelling the transport and fate of sediments in the river; (4)
evaluating nonconventional Kepone mitigation techniques; and (5) assessing
the ecological impact of the current Kepone contamination and possible
mitigation approaches. The EPA Gulf Breeze Laboratory provided scientific:-
data and analysis on the effect of Kepone on the estuarine biota, including
biological accumulation, plus distribution and fate of Kepone. The
Virginia Institute of Marine Science is collecting field data on the
James River. Results of these investigations are being integrated into
models of Kepone movement and sediment transport by Gulf Breeze and
ERDA/Battelle Laboratories, respectively. The final report descr1b1ng
the results of these investigative efforts will be completed in March
1978, and will be the basis for considering the Phase II efforts.
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